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Wklv sdshu suhvhqwv d wkhru| dqg dq hpslulfdo lqyhvwljdwlrq rq f|folfdo
 xfwxdwlrqv lq zrunsodfh dfflghqwv1 Wkh wkhru| lv edvhg rq wkh lghd wkdw
uhsruwlqj dq dfflghqw ghqwv wkh uhsxwdwlrq ri d zrunhu dqg udlvhv wkh sure0
delolw| wkdw kh lv uhg1 Wkhuhiruh d frxqwu| zlwk d kljk ru dq lqfuhdvlqj
xqhpsor|phqw udwh kdv d orz +uhsruwhg, zrunsodfh dfflghqw udwh1 Wkh
hpslulfdo lqyhvwljdwlrq frqfhuqv zrunsodfh dfflghqwv lq RHFG frxqwulhv1
Wkh dqdo|vlv frqupv wkdw zrunsodfh dfflghqw udwhv duh lqyhuvho| uhodwhg
wr erwk wkh ohyho ri xqhpsor|phqw dqg wkh fkdqjh lq xqhpsor|phqw1 Ixu0
wkhupruh/ idwdo dfflghqw udwhv gr qrw  xfwxdwh ryhu wkh f|foh1 Z h frqfoxgh
wkdw rxu hpslulfdo dqdo|vlv lv lq olqh zlwk rxu wkhru|= f|folfdo  xfwxdwlrqv
lq zrunsodfh dfflghqwv kdyh wr gr zlwk uhsruwlqj ehkdylru ri zrunhuv dqg
qrw zlwk fkdqjhv lq zrunsodfh vdihw|1
MHO frghv= L64/ M5;
Nh|zrugv= zrunsodfh dfflghqwv/ xqhpsor|phqw
Wkh dxwkruv duh judwhixo wr Mrrvw Ohehqv iru h{fhoohqw uhvhdufk dvvlvwdqfh
dqg wr Pduld Jxdgdoxsh dqg vhplqdu sduwlflsdqwv dw OEV iru frpphqwv rq
d suhylrxv yhuvlrq ri wkh sdshu1 Wkh uvw dxwkru zrxog olnh wr wkdqn QZR/
NQD Z dqg YVQX iru qdqfldo vxssruw wkurxjk d Y huqlhxzlqjvlpsxov
judqw1
￿
Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw| / FhqwHU dqg FHSU1
￿
Ghsduwphqw ri Hfrqrplfv/ Wloexuj Xqlyhuvlw| / FhqwHU/ Lqvwlwxwh iru Oderxu Vwxglhv +RVD,/
L]D dqg FHSU> hpdlo= ydqrxuvCnxe1qo1
Dgguhvv= FhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ QO8333 OH Wloexuj/ Wkh Qhwkhuodqgv1
44 Lqwurgxfwlrq
Dffruglqj wr wkh Hxurshdq Vwdwlvwlfv rq Dfflghqwv dw Z run dq dfflghqw dw zrun
lv ghqhg dv d %glvfuhwh rffxuuhqfh lq wkh frxuvh ri zrun/ zklfk ohdgv wr sk|vlfdo
ru phqwdo kdup1%
￿
Z runsodfh dfflghqwv duh d frpprq skhqrphqrq1 Lq wkh HX
gxulqj 4<<; wkhuh zhuh 71: ploolrq rffxsdwlrqdo dfflghqwv ohdglqj wr pruh wkdq
6 gd|v* devhqfh iurp zrun/ zklfk lv htxlydohqw wr dq dfflghqw udwh 0 l1h1 wkh
suredelolw| wkdw d zrunhu lv lqyroyhg lq d zrunsodfh dfflghqw 0 ri 714(1 Wkh wrwdo
qxpehu ri dfflghqwv/ lqfoxglqj wkrvh zklfk glg qrw lqyroyh devhqfh iurp zrun
dprxqwhg wr :17 ploolrq/ htxlydohqw wr dq dfflghqw udwh ri 917(1 D idwdo dfflghqw
lv ghqhg dv dq dfflghqwv/ zklfk ohdgv wr wkh ghdwk ri d ylfwlp zlwklq rqh |hdu
+diwhu wkh gd|, ri wkh dfflghqw1 Wkh lqflghqfh ri dfflghqw0uhodwhg ghdwkv zdv 813
shu 433/333 zrunhuv1 Durxqg 483 ploolrq zrunlqj gd|v duh orvw/ zklfk lv derxw
318( ri wrwdo zrunlqj wlph1
￿
Wkh udwh ri zrunsodfh dfflghqwv glhuv ehwzhhq frxqwulhv dqg fkdqjhv ryhu
wlph1 Furvv0frxqwu| glhuhqfhv lq zrunsodfh dfflghqw udwhv duh pdlqo| uhodwhg
wr glhuhqfhv lq ghqlwlrqv dqg phdvxuhphqw1 Wkh fkdqjhv ryhu wlph duh pruh
gl!fxow wr h{sodlq1 Vrph frxqwulhv kdyh d grzqzdug wuhqg lq wkhlu dfflghqw udwhv
ehfdxvh ri vdihu zrun frqglwlrqv ru fkdqjhv lq lqgxvwuldo vwuxfwxuh1 Krzhyhu d
ghfolqh lq dfflghqw udwh lv qrw suhvhqw lq hyhu| frxqwu| 1 Ixuwkhupruh/ dv zh zloo
vkrz lq pruh ghwdlo ehorz/ zrunsodfh dfflghqw udwhv duh surf|folfdo/ zklfk frxog
lqglfdwh wkdw rq dyhudjh zrun lv pruh gdqjhurxv lq errpv wkdq lw lv lq voxpsv1 Li
vr/ wklv zrxog eh lq olqh zlwk hylghqfh suhvhqwhg e| Uxkp +5333, lqglfdwlqj wkdw
errpv duh xqkhdowk|1 Uxkp qgv d vwurqj lqyhuvh uhodwlrqvkls ehwzhhq pdfur0
hfrqrplf frqglwlrqv dqg pruwdolw|/ zklfk kh dwwulexwhv wr kd}dugrxv zrunlqj
frqglwlrqv/ wkh sk|vlfdo h{huwlrq ri hpsor|phqw/ dqg mre0uhodwhg vwuhvv zkhq mre
krxuv duh h{whqghg gxulqj vkruw0odvwlqj hfrqrplf h{sdqvlrqv1
￿
Wklv h{sodqdwlrq
iru wkh surf|folfdolw| ri zrunsodfh dfflghqwv kdv wr gr zlwk zrunlqj frqglwlrqv1
Lq errpv wkh hruw ohyho ri zrunhuv lv kljkhu dqg pruh lqh{shulhqfhg zrunhuv
￿
Wklv lqfoxghv fdvhv ri dfxwh srlvrqlqj dqg zlooixo dfwv ri rwkhu shuvrqv exw h{foxghv vhoi0
lq lfwhg lqmxulhv dqg frppxwlqj dfflghqwv1 %Lq wkh frxuvh ri zrun% phdqv zklovw hqjdjhg lq
dq rffxsdwlrqdo dfwlylw| ru gxulqj wkh wlph vshqw dw zrun1 Wklv lqfoxghv fdvhv ri urdg wud!f
dfflghqwv lq wkh frxuvh ri zrun1
￿
Lqirupdwlrq iurp wkh Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Z run 0 Idfwv 4<1
￿
Uxkp +5333, lqyhvwljdwhv wkh uhodwlrqvkls ehwzhhq hfrqrplf frqglwlrqv dqg khdowk/ xvlqj
X1V1 vwdwh vshflf gdwd1 Rwkhu srvvleoh uhdvrqv iru wkh lqyhuvh uhodwlrqvkls phqwlrqhg duh wkdw
kljkhu hpsor|phqw udwhv duh dvvrfldwhg zlwk lqfuhdvhv lq vprnlqj dqg rehvlw|/ uhgxfhg sk|vlfdo
dfwlylw| / dqg zruvh glhwv1 Dovr/ wkh kljkhu lqfrphv dvvrfldwhg zlwk jrrg hfrqrplf wlphv pd|
ohdg wr lqfuhdvhv lq vrph ulvn| dfwlylwlhv1 Uxkp +5334, qgv wkdw wkhuh lv frxqwhuf|folfdo
yduldwlrq lq sk|vlfdo khdowk zkloh wkhuh lv vrph hylghqfh wkdw phqwdo khdowk lv surf|folfdo1duh kluhg1 Wkh lghd lv wkdw zkhq hpsor|huv uhtxluh kljk hruw ohyhov iurp wkhlu
zrunhuv/ wkhvh zrunhuv ehfrph ohvv fduhixo1 Khqfh wkh qxpehu ri zrunsodfh df0
flghqwv lqfuhdvhv1 Zkhq zrunhuv h{huw ohvv hruw/ wkh| fdq wdnh pruh fduh dqg
duh wkhuhiruh lqyroyhg lq ohvv dfflghqwv1 Li hruw lv surf|folfdo +hpsor|huv uhtxluh
kljkhu hruw ohyhov lq errpv, vr duh zrunsodfh dfflghqwv1 Frqvhtxhqwo| / zrun0
sodfh dfflghqwv duh qhjdwlyho| fruuhodwhg zlwk xqhpsor|phqw1 Dovr lq errpv
pruh zrunhuv duh kluhg wkdq lq voxpsv1 Li qhzo| kluhg zrunhuv duh ohvv h{shul0
hqfhg dqg duh wkhuhiruh pruh olnho| wr eh lqyroyhg lq zrunsodfh dfflghqwv wkhuh
duh pruh dfflghqwv lq d errp1
Dq dowhuqdwlyh h{sodqdwlrq iru wkh f|folfdolw| lq zrunsodfh dfflghqwv lv uhodwhg
wr wkh zhoo0nqrzq surf|folfdo yduldwlrq lq zrunhuv* devhqwhhlvp1 Li xqhpsor|phqw
lv kljk/ zrunhuv ihdu wr orrvh wkhlu mre/ vr frqglwlrqdo rq d vshflf vwdwh ri wkhlu
khdowk wkh| duh ohvv lqfolqhg wr vwd| dzd| iurp zrun1 Li xqhpsor|phqw lv orz/
hpsor|huv zloo eh pruh uhoxfwdqw wr uh d zrunhu hyhq lq fdvh ri iuhtxhqw devhq0
whhlvp1 Vr/ devhqfh0surqh zrunhuv duh pruh olnho| wr eh glvplvvhg lq dq hfrqrplf
grzqwxuq +Ohljk +4<;8,,1 Lq whupv ri zrunsodfh dfflghqwv wkh lghd lv wkdw zrunhuv
duh uhoxfwdqw wr uhsruw wkhvh dfflghqwv zkhq wkh| ihdu wkdw hpsor|huv zloo krog
wklv djdlqvw wkhp1 Iru dq lqglylgxdo zrunhu wkh suredelolw| wr eh glvplvvhg lv
htxdo wr wkh surgxfw ri wkh dyhudjh suredelolw| wr eh glvplvvhg dqg wkh udwlr ri
lqglylgxdo vshflf suredelolw| dqg dyhudjh suredelolw|1 Wkh uvw suredelolw| gh0
shqgv rq wkh hfrqrplf srvlwlrq ri wkh up/ zklfk lq lwvhoi zloo jhqhudoo| ghshqg
rq wkh pdfurhfrqrplf vlwxdwlrq/ l1h1 wkh f|foh1 Wkh vhfrqg udwlr ghshqgv rq wkh
ehkdylru ri wkh lqglylgxdo frpsduhg wr wkh ehkdylru ri klv ru khu froohdjxhv dqg
pd| eh uhodwhg wr d zrunsodfh dfflghqw1 Wkhuhiruh/ zrunhuv pd| eh uhoxfwdqw
wr uhsruw d zrunsodfh dfflghqw1 Wkh uhsruwlqj udwh ri zrunsodfh dfflghqwv pd|
eh lq xhqfhg e| wkh shufhlyhg olnholkrrg ri ehlqj glvplvvhg ehfdxvh ri wkh dffl0
ghqw dqg e| wkh frqvhtxhqfhv ri ehlqj xqhpsor|hg frqglwlrqdo rq d sduwlfxodu
glvplvvdo suredelolw| 1 Wkh wzr ghwhuplqdqwv ri wkh uhsruwlqj udwh kdyh glhuhqw
lpsolfdwlrqv iru wkh f|folfdo ehkdylru1 Wkh uvw ghwhuplqdqw lpsolhv wkdw wkh uh0
sruwlqj udwh lv orz li xqhpsor|phqw lv lqfuhdvlqj/ zkloh wkh vhfrqg ghwhuplqdqw
lpsolhv wkdw wkh uhsruwlqj udwh lv orz li xqhpsor|phqw lv kljk1
Wklv sdshu irfxvhv rq wkh txhvwlrq zkhwkhu kljk zrunsodfh dfflghqwv udwhv lq d
errp duh d wuxh skhqrphqrq uhodwhg wr vwuhvv ru lqh{shulhqfhg zrunhuv dqg wkxv
dq lqglfdwlrq ri zrunhuv* khdowk ehlqj kduphg lq survshurxv wlphv ru zkhwkhu
dowhuqdwlyho| kljk zrunsodfh dfflghqwv udwhv lq d errp duh d vsxulrxv skhqrp0
hqrq fdxvhg e| fkdqjhv lq zrunhuv uhsruwlqj ehkdylru1 Wkh wzr h{sodqdwlrqv iru
wkh f|folfdolw| ri zrunsodfh dfflghqwv duh whvwhg hpslulfdoo| 1 Sduw ri wkh hylghqfh
suhvhqwhg xvhv wkh glvwlqfwlrq ehwzhhq qrq0idwdo dqg idwdo dfflghqwv +vhh wkh ds0
6shqgl{ iru pruh ghwdlov,1 Wkh czrunlqj frqglwlrqv* h{sodqdwlrq suhglfwv wkdw wkh
ohyho ri xqhpsor|phqw lv qhjdwlyho| uhodwhg wr zrunsodfh dfflghqwv1 I xuwkhupruh/
lw suhglfwv wkdw zrunlqj krxuv kdyh d srvlwlyh hhfw rq zrunsodfh dfflghqwv eh0
fdxvh zrunlqj orqjhu lqfuhdvhv wkh suredelolw| ri dq dfflghqw1 Dovr/ wkh fkdqjh
lq hpsor|phqw lv srvlwlyho| uhodwhg wr zrunsodfh dfflghqwv vlqfh dq lqfuhdvh lq
hpsor|phqw frlqflghv zlwk d orw ri qhz klulqjv zkloh d ghfuhdvh lq hpsor|phqw
lv uhodwhg wr ihz qhz klulqjv1 Li zrunlqj frqglwlrqv duh wkh gulylqj irufh qrw rqo|
wkh qrq0idwdo dfflghqwv exw dovr wkh idwdo dfflghqwv zloo h{klelw f|folfdolw| 1 Wkh
cuhsruwlqj* h{sodqdwlrq suhglfwv wkdw erwk wkh ohyho dqg wkh fkdqjh lq xqhpsor|0
phqw duh qhjdwlyho| uhodwhg wr zrunsodfh dfflghqwv1 I xuwkhupruh/ wkh f|folfdolw|
vkrxog eh irxqg rqo| lq wkh fdvh ri qrq0idwdo dfflghqwv dqg vkrxog qrw eh irxqg
lq wkh fdvh ri idwdo dfflghqwv ehfdxvh wkhuh lv qr uhsruwlqj ghflvlrq lq wkh odwwhu
fdvh1
Lq rxu hpslulfdo dqdo|vlv lw dsshduv wkdw erwk wkh ohyho dqg wkh fkdqjh lq
xqhpsor|phqw duh qhjdwlyho| uhodwhg wr zrunsodfh dfflghqwv zkloh zrunlqj krxuv
dqg wkh fkdqjh lq hpsor|phqw kdyh qr hhfw rq zrunsodfh dfflghqwv1 Ixuwkhu0
pruh/ f|folfdolw| lv irxqg rqo| iru qrq0idwdo zrunsodfh dfflghqwv1 Iurp wklv hyl0
ghqfh zh frqfoxgh wkdw wkh surf|folfdo ehkdylru ri zrunsodfh dfflghqwv lv prvw
olnho| uhodwhg wr uhsruwlqj udwhv dqg qrw wr dfwxdo  xfwxdwlrqv lq dfflghqwv1 I urp
d srolf| shuvshfwlyh wklv uhvxow lpsolhv wkdw zkhq lq f|folfdo xswxuqv wkh zrun0
sodfh dfflghqwv udwh jrhv xs wkhuh lv qr xujhqw qhhg wr vwduw zruu|lqj derxw
zrunsodfh vdihw| 1
Wkh sdshu lv vhw xs dv iroorzv1 Lq Vhfwlrq 5 zh vhw wkh vwdjh e| jlylqj dq
ryhuylhz ri suhylrxv vwxglhv rq devhqwhhlvp dqg zrunsodfh dfflghqwv1 Lq Vhfwlrq
6 zh suhvhqw d wkhruhwlfdo prgho wkdw h{sodlqv wkh f|folfdolw| lq uhsruwhg zrun0
sodfh dfflghqwv vkrzlqj wkdw erwk wkh ohyho ri xqhpsor|phqw dqg wkh fkdqjh lq
xqhpsor|phqw dhfw wkh uhsruwhg zrunsodfh dfflghqwv1 Vhfwlrq 7 ghvfulehv wkh
gdwd rq zrunsodfh dfflghqwv iurp 4: RHFG frxqwulhv/ glvfxvvhv wkh vwdwlvwlfdo
prgho dqg suhvhqwv hvwlpdwlrq uhvxowv1 Vhfwlrq 8 frqfoxghv1
5 Suhylrxv vwxglhv
Wkhuh duh vhyhudo vwxglhv wkdw lqyhvwljdwh wkh f|folfdolw| ri zrunsodfh devhqwhhlvp1
Dffruglqj wr Edupe| hw do1 +4<<7, wkh hhfw ri devhqfh ehkdylru rq wkh suredelo0
lw| ri ehlqj uhg pd| dfw dv d zrunhu glvflsolqh ghylfh1 Eurzq dqg Vhvvlrqv +4<<9,
glvwlqjxlvkhv ehwzhhq devhqfh wkdw rffxuv iru ydolg +l1h1 cvlfnqhvv*, dqg lqydolg
+l1h1 cvklunlqj*, uhdvrqv1 Dffruglqj wr wkhp olwwoh dwwhqwlrq kdv ehhq sdlg lq wkh
hfrqrplf olwhudwxuh wr hlwkhu wkh fdxvhv ru wkh hhfwv ri devhqwhhlvp1 Wkh| dqd0
7o|}h devhqfh zlwklq wkh iudphzrun ri wkh vwdwlf qhrfodvvlfdo oderu vxsso| prgho lq
zklfk d zrunhu kdv dq lqfhqwlyh wr devhqw klpvhoi li wkh ohyho ri frqwudfwxdo krxuv
vshflhg e| wkh hpsor|hu h{fhhgv klv ghvluhg krxuv1 Dffruglqj wr Mrkdqvvrq dqg
Sdoph +4<<9, zkhq xqhpsor|phqw lqfuhdvhv/ vklunlqj ru devhqwhhlvp ghfuhdvhv1
Wkh| xvh d 4<;4 Vzhglvk plfur gdwdvhw wr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq
zrun devhqfh dqg frxqw|0vshflf dqqxdo dyhudjh xqhpsor|phqw udwhv1 Wkh| qg
d qhjdwlyh uhodwlrqvkls1 Mrkdqvvrq dqg Sdoph +5335, suhvhqwv dq dqdo|vlv ri sdqho
gdwd vkrzlqj d ghfolqlqj zrun devhqfh ri Vzhglvk eoxh0froodu zrunhuv gxulqj d
shulrg lq zklfk wkhuh zdv d pdmru uhirup lq wkh lqfrph uhsodfhphqw surjudp
iru vkruw0whup vlfnqhvv dqg lqfrph wd{hv1 Lw wxuqv rxw wkdw wkh frvw ri ehlqj de0
vhqw vljqlfdqwo| dhfwv zrun devhqfh ehkdylru1 Wkh lqfuhdvhg frvw/ udwkhu wkdq
wkh kljkhu xqhpsor|phqw udwh/ fdxvhg wkh ghfuhdvh lq wkh zrun devhqfh udwh1
Dffruglqj wr Dudl dqg Wkrxuvlh +5334, surf|folfdo devhqwhhlvp pljkw eh gxh wr
kljkhu vlfn0udwhv ri pdujlqdo zrunhuv/ ru d frqvhtxhqfh ri surf|folfdo vlfn0uhsruw
lqfhqwlyhv1 Wkh| xvh Vzhglvk gdwd iru 47 lqgxvwulhv lq 6 uhjlrqv wr lqyhvwljdwh
wkh fruuhodwlrq ehwzhhq vlfn udwhv dqg wkh vkduh ri whpsrudu| frqwudfwv1 D srv0
lwlyh fruuhodwlrq zrxog lpso| d vhohfwlrq hhfw/ d qhjdwlyh uhodwlrq zrxog lpso|
d zrunhu lqfhqwlyh hhfw1 Wkh uhvxowv vkrz wkdw wkh vlfn0udwh dqg wkh vkduh ri
whpsrudu| frqwudfwv duh qhjdwlyho| dqg vljqlfdqwo| fruuhodwhg1 Ilqdoo| / Dvnlog0
vhq hw do1 +5335, xvh d sdqho ri Qruzhjldq uhjlvwhu gdwd ryhu wkh shulrg 4<<30<8
wr glvwlqjxlvk ehwzhhq wzr dowhuqdwlyh h{sodqdwlrqv iru wkh f|folfdolw| lq devhqfh
ehkdylru= glvflsolqlqj hhfwv ri xqhpsor|phqw dqg fkdqjhv lq wkh frpsrvlwlrq ri
wkh oderu irufh +zkhq oderu lv vfdufh pdujlqdo zrunhuv zkr duh pruh surqh wr eh
devhqw duh rhuhg mrev,1 Wkh| qg wkdw frxqw|0vshflf xqhpsor|phqw udwhv duh
qhjdwlyho| uhodwhg wr erwk wkh suredelolw| ri kdylqj d vlfnqhvv vshoo lq d jlyhq |hdu
dqg iru wkh gxudwlrq ri devhqfh1 Wkh| qg wkdw wklv dovr krogv iru d vxevdpsoh
ri vwdeoh zrunhuv +wkrvh zkr duh lq wkh oderu irufh iru d orqj shulrg,1 Iurp wklv
wkh| frqfoxgh wkdw wkh vhohfwlrq hhfw lv qrw fdxvlqj wkh f|folfdo ehkdylru1 Vr/
dowkrxjk dv idu dv devhqwhhlvp lv frqfhuqhg lqfhqwlyhv dqg frpsrvlwlrq hhfwv duh
wzr frpshwlqj h{sodqdwlrqv iru f|folfdo  xfwxdwlrqv wkh lqfhqwlyh hhfw vhhpv wr
eh wkh grplqdqw rqh1
Wkhuh duh dovr d qxpehu ri vwxglhv lqyhvwljdwlqj zrunsodfh dfflghqwv1 Nrv0
vrulv +4<6;, lv d yhu| hduo| uhihuhqfh wr wkh sur0f|folfdo sdwwhuq lq dfflghqw udwhv1
Vfkxvwhu dqg Ukrghv +4<;8, frqfoxgh wkdw wkhuh lv olwwoh hylghqfh ri ryhuwlph
krxuv ehlqj v|vwhpdwlfdoo| uhodwhg wr lqmxu| udwh ulvn1 Nqlhvqhu dqg Ohhwk +4<;<,
suhvhqwv d qxphulfdo vlpxodwlrq/ edvhg rq gdwd iurp wkh hduo| 4<:3v/ wr lqyhvwljdwh
wkh hfrqrplf olqnv ehwzhhq oderu pdunhw rxwfrphv dqg wkh zrunhuv* frpshqvd0
wlrq lqvxudqfh v|vwhp1 Wkhlu uhvxowv vxjjhvw wkdw wkh revhuyhg srvlwlyh dvvrfl0
8dwlrq ehwzhhq zrun0uhodwhg lqmxulhv dqg ehqhwv dfurvv vwdwhv uh hfwv lqfhqwlyhv
iru zrunhuv wr uhsruw lqmxulhv udwkhu wkdq lw uh hfwv dq hfrqrplf lqfhqwlyh iru
hpsor|huv wr lqyhvw ohvv lq zrunsodfh vdihw| 1 Ph|hu hw do1 +4<<8, xvhv d %qdw0
xudo h{shulphqw% lq wzr Dphulfdq vwdwhv +Nhqwxfn| dqg Plfkljdq, wr frpsduh
lqglylgxdov lqmxuhg ehiruh dqg diwhu lqfuhdvhv lq wkh pd{lpxp ehqhw dprxqw1
Wkh| qg wkdw wlph rxw ri zrun lqfuhdvhg iru wkrvh holjleoh iru wkh kljkhu ehqh0
wv dqg uhpdlqhg xqfkdqjhg iru wkrvh zkrvh ehqhwv zhuh frqvwdqw1 Krnndqhq
+4<<;, xvhv wkh iuhtxhqf| ri lqgxvwuldo lqmxu| udwhv dv dq lqglfdwru ri xqrevhuy0
deoh oderu hruw1 Wklv lghd frphv iurp Vkhd +4<<3, zkr vxjjhvwv wkdw dfflghqwv
rqo| rffxu lq wkh zrunsodfh li oderu uhdoo| zrunv1 Wkhuhiruh lq uhfhvvlrqv zkhq
zrunhuv shuirup ohvv wdvnv shu krxu ru duh dvvljqhg wr qrq0surgxfwlrq dfwlylwlhv
+pdlqwhqdqfh/ uhsdlulqj, wkh qxpehu ri dfflghqwv shu krxu vkrxog idoo1 Li upv
uhtxluh pruh hruw iurp oderu lq errpv dqg ohvv lq uhfhvvlrqv/ wkhq oderu hruw
zloo eh sur0f|folfdo dqg wkh lqmxu| udwh zloo eh srvlwlyho| fruuhodwhg zlwk djjuh0
jdwh  xfwxdwlrqv lq wkh hfrqrp| 1 Krnndqhq grhv qrw vwxg| lqmxu| udwhv gluhfwo|
exw frqfoxghv wkdw wkh lqmxu| udwh yduldeoh wkdw lv xvhg dv d sur{| iru xqrevhuyhg
oderu hruw lv vljqlfdqwo| uhodwhg wr rxwsxw lq wkh surgxfwlrq ixqfwlrq uhjuhv0
vlrq/ zklfk lv wr eh h{shfwhg li wuxh oderu hruw lv sur0f|folfdo1 Vkhd +4<<3,
vxjjhvwv wkdw yduldeohv vxfk dv ryhuwlph/ klulqj dqg ulqj udwhv/ wkh vkduh ri qrq0
surgxfwlrq zrunhuv/ dqg wkh lqyhvwphqw0wr0fdslwdo udwlr pd| dhfw dfflghqw udwhv
ryhu wkh exvlqhvv f|foh1 Zkdw pdwwhuv iru wkh ghyhorsphqw ri wkh lqmxu| udwhv
duh wkh  rzv lq dqg rxw ri wkh oderu irufh/ l1h1 wkh klulqj dqg ulqj udwhv1 Idluulv
+4<<;, vkrzv wkdw lq XV pdqxidfwxulqj lqmxu| udwhv duh surf|folfdo1 Dovr/ lq wkh
4<73v dqg 4<83v lqmxu| udwhv lq X1V1 pdqxidfwxulqj ghfolqhg zkhuhdv lq wkh 4<93v
wkhvh udwhv lqfuhdvhg1 Kh vwdwhv wkdw uhgxfhg zrunsodfh vdihw| gxh wr fkdqjhv lq
wkh lqvwlwxwlrqdo duudqjhphqwv ri vkrs rru jryhuqdqfh lv olnho| wr eh uhvsrqvleoh
iru wklv1
6 Z runsodfh dfflghqwv 0 wkhru|
Wklv vhfwlrq lqwurgxfhv d prgho wr irupdol}h wkh uhodwlrq ehwzhhq f|folfdo yduld0
wlrqv lq rxwsxw dqg zrunsodfh dfflghqwv1 Wkh lghd lv wkdw uhsruwlqj dq dfflghqw
ghqwv d zrunhu*v uhsxwdwlrq dqg udlvhv wkh suredelolw| wkdw kh zloo eh uhg1 Wklv
lv hvshfldoo| glvdgydqwdjhrxv iru wkh zrunhu li wkh ydoxh ri ehlqj xqhpsor|hg lv
orz ru ghfuhdvlqj1 Khqfh lq vxfk flufxpvwdqfhv rqh h{shfwv ihzhu dfflghqwv wr eh
uhsruwhg1 Wkh ydoxh ri ehlqj xqhpsor|hg ydulhv zlwk wkh exvlqhvv f|foh1 Lq wkh
hpslulfdo dqdo|vlv zh xvh xqhpsor|phqw dv dq lqglfdwru ri wkh f|foh1 Khqfh wkh
prgho uhodwhv xqhpsor|phqw wr zrunsodfh dfflghqwv lq wkh iroorzlqj wzr zd|v1
9Iluvw/ frpsdulqj wzr frxqwulhv zkhuh rqh kdv kljkhu xqhpsor|phqw wkdq wkh
rwkhu/ zh vkrz wkdw/ fhwhulv sdulexv/ wkh frxqwu| zlwk wkh kljkhu xqhpsor|phqw
udwh kdv d vpdoohu qxpehu ri uhsruwhg zrunsodfh dfflghqwv1 Vhfrqg/ iroorzlqj wzr
frxqwulhv ryhu wlph/ li xqhpsor|phqw lqfuhdvhv idvwhu lq rqh frxqwu| wkdq lq wkh
rwkhu zh vkrz wkdw/ fhwhulv sdulexv/ wkh qxpehu ri uhsruwhg zrunsodfh dfflghqwv
lv vpdoohu lq wkh frxqwu| zlwk wkh eljjhvw ulvh lq xqhpsor|phqw1
Wkh lghd wkdw uhsruwlqj dq dfflghqw pd| udlvh wkh suredelolw| ri ehlqj uhg
lv vlplodu wr dq lghd lq Edupe| hw1 do1 +4<<7,1 Wkh| lqwurgxfh dq h!flhqf| zdjh
prgho ri devhqwhhlvp1 Z runhuv vklun lq wklv prgho e| ryhuvwdwlqj wkhlu *ohyho ri
vlfnqhvv* lq rughu wr vwd| dw krph1 Wr glvflsolqh zrunhuv/ wkh up lqyhvwv lq d
prqlwrulqj whfkqrorj| wr yhuli| zrunhuv* khdowk vwdwxv1 Li dq devhqw zrunhu lv
irxqg wr eh w hqrxjk wr zrun/ wklv lv vhhq dv vklunlqj dqg wkh zrunhu lv uhg1
D glhuhqfh ehwzhhq devhqwhhlvp dqg rxu prgho ri dfflghqwv lv wkh iroorzlqj1
Devhqwhhlvp lv revhuydeoh/ zkloh wkh prwlydwlrq iru ehlqj devhqw +vlfnqhvv ru
od}lqhvv, lv qrw +gluhfwo| revhuydeoh,1 Lq rxu prgho/ dq +qrq0idwdo, dfflghqw lv
qrw revhuydeoh e| wkh up xqohvv lw lv uhsruwhg e| wkh zrunhu1 Rqfh wkh dffl0
ghqw lv uhsruwhg/ wkh up fdq ghwhuplqh wkh gdpdjh fdxvhg e| wkh dfflghqw dqg
frpshqvdwh wkh zrunhu dffruglqjo|1
Frqvlghu wkh iroorzlqj prgho ri zrunsodfh dfflghqwv1 Hdfk zrunhu kdv dq
h{rjhqrxv suredelolw| ! ri h{shulhqflqj d +qrq0idwdo, zrunsodfh dfflghqw1 Wkh
gdpdjh +lq whupv ri xwlolw|, ri wkh dfflghqw wr wkh zrunhu lv ghqrwhg e|   f/
zklfk lv d udqgrp yduldeoh zlwk ghqvlw| ixqfwlrq i E= dqg glvwulexwlrq ixqfwlrq
I E=1 Diwhu wkh dfflghqw kdv kdsshqhg/ d zrunhu ghflghv zkhwkhu wr uhsruw lw ru
qrw1 Li kh uhsruwv wkh dfflghqw/ wkh up sd|v klp d frpshqvdwlrq  E zklfk
ghshqgv rq wkh gdpdjh wkh zrunhu lqfxuuhg1 Lw vhhpv uhdvrqdeoh wr dvvxph wkdw

￿
E  f1 Krzhyhu/ uhsruwlqj dovr kdv d vwljpd hhfw= wkh up frqfoxghv wkdw
zrunhuv zkr uhsruw dq dfflghqw pd| eh pruh dfflghqw surqh wkdq zrunhuv zkr
kdyh qhyhu uhsruwhg dq dfflghqw1 Khqfh/ li wkh up kdv wr uh vrph zrunhuv +vd| /
lq d grzqwxuq, zrunhuv zkr kdyh uhsruwhg dq dfflghqw duh pruh olnho| wr eh uhg
wkdq zrunhuv zkr qhyhu uhsruwhg dq dfflghqw1
Xvlqj d g|qdplf prgho ri wkh oderxu pdunhw lq wkh yhlq ri Pruwhqvhq dqg
Slvvdulghv +4<<<,/ ohw Y
￿ Ew ghqrwh wkh ydoxh ri kdylqj d mre dw wlph w zkloh wkh
zrunhu kdv qhyhu uhsruwhg dq dfflghqw dw lwv fxuuhqw hpsor|hu1
￿
Z h dvvxph wkdw
￿
Zh dvvxph wkdw zkhq d zrunhu lv uhg dqg qgv d qhz mre/ klv qhz hpsor|hu grhv qrw
nqrz zkhwkhu kh kdv uhsruwhg dfflghqwv dw klv suhylrxv hpsor|huv1
:Y
￿ Ew lv ghwhuplqhg e| wkh iroorzlqj Ehoopdq htxdwlrq
Y






d n 4@  i E n Y
￿ Ew  Y
￿ Ew > fjo i E g
n
￿ EY
￿ Ew  Y
￿ Ew n  Y
￿ Ew +4,
zkhuh  lv wkh glvfrxqw udwh/ Y
￿ Ew lv wkh ydoxh ri hpsor|phqw rqfh d zrunhu kdv
uhsruwhg dq dfflghqw/ Y
￿ Ew lv wkh ydoxh ri ehlqj xqhpsor|hg dqg 
￿ lv wkh + rz,
suredelolw| ri ehlqj uhg1 Wkxv/ wkh ydoxh ri ehlqj hpsor|hg dw wkh up htxdov
wkh vxp ri irxu whupv= wkh zdjh z uhfhlyhg zkloh ehlqj hpsor|hg/ wkh + rz,
suredelolw| wkdw dq dfflghqw kdsshqv +vhh ehorz,/ wkh ulqj suredelolw| 
￿ dqg
wkh fkdqjh lq wkh ydoxh ri Y
￿ Ew1
Z h dvvxph wkdw hlwkhu wkh zdjh lv ghwhuplqhg e| Qdvk edujdlqlqj
￿
ru wkdw
zrunhuv duh iuhh wr txlw wkh mre1 Dvvxplqj wkdw zrunhuv kdyh vrph edujdlqlqj
srzhu/ erwk lpso| wkdw Y
￿ Ew  Y
￿ Ew A f1 Ehorz zh vshfli| d pdwfklqj prgho
iru xqhpsor|phqw1 Lq wkdw fdvh/ wkh lqhtxdolw| Y
￿ Ew  Y






￿ i E g h{fhhgv wkh xqhpsor|phqw ehqhw ohyho e1
Z h ylhz htxdwlrq +4, dv d glhuhqwldo htxdwlrq zlwk dq h{rjhqrxv wlph sdwk
iru Y
￿ E=1 Wkh wlph sdwk iru Y
￿ E= lv ghulyhg ehorz1 Wkh wlph sdwk iru Y
￿ E= fdq
eh shuihfwo| suhglfwhg e| djhqwv
￿
dqg zh dvvxph wkdw mY
￿ E=m ? P iru vrph P A

































￿ / zkhuh e lv wkh xqhpsor|phqw





























￿ / zh lqghhg qg wkdw mY
￿ Ewm ? P
iru doo w1
Qh{w/ frqvlghu wkh zrunhu*v uhvsrqvh diwhu dq dfflghqw kdsshqv1 Wkh dfflghqw
jlyhv klp wkh glvxwlolw|  ri wkh gdpdjh1 Wkhq wkh zrunhu ghflghv zkhwkhu wr
uhsruw wkh dfflghqw ru qrw1 Li kh grhv qrw uhsruw wkh dfflghqw/ kh jhwv qr frp0
shqvdwlrq qru d vwljpd1 Li kh grhv uhsruw wkh dfflghqw/ kh jhwv wkh frpshqvdwlrq
 E iurp wkh up/ exw dovr kdv wkh uhsxwdwlrq ri vrphrqh zkr kdv uhsruwhg dq
dfflghqw1 Wkdw lv/ klv frqwlqxdwlrq sd| r lv Y
￿ Ew lqvwhdg ri Y
￿ Ew1 Fohduo|/ wklv
uhsruwlqj ghflvlrq lv rqo| uhohydqw iru qrq0idwdo dfflghqwv vlqfh idwdo dfflghqwv duh
dozd|v uhsruwhg1
*
Wkhuh lv dq lvvxh khuh zkhwkhu wkh Qdvk edujdlqhg zdjh lv frqwlqxrxvo| uhqhjrwldwhg lq
uhvsrqvh wr/ iru lqvwdqfh/ fkdqjhv lq Y
+ +w, ryhu wlph1 Iru qrwdwlrqdo vlpsolflw| zh dvvxph wkdw
z lv frqvwdqw ryhu wlph/ krzhyhu doo uhvxowv ehorz jr wkurxjk li z zrxog eh lqgh{hg e| w dv
zhoo1
,
Li wklv zhuh qrw wkh fdvh/ wkh dqdo|vlv zrxog eh grqh lq whupv ri h{shfwhg ydoxhv iru
xqhpsor|phqw/ hpsor|phqw hwf1 Iru wkh sureohp zh duh frqvlghulqj/ qrwklqj zrxog eh jdlqhg
e| zrunlqj lq whupv ri h{shfwhg ydoxhv1
;Z h dvvxph wkdw wkh Ehoopdq htxdwlrq iru vrphrqh zkr kdv uhsruwhg dq df0
flghqw htxdov
Y






d n  Eo i E g n 
￿ EY
￿ Ew  Y
￿ Ew n  Y
￿ Ew +5,
zkhuh 
￿ lv wkh suredelolw| wkdw d zrunhu zkr kdv uhsruwhg dq dfflghqw zloo
eh uhg1 Dv phqwlrqhg deryh/ zh dvvxph wkdw zrunhuv zkr kdyh uhsruwhg dq
dfflghqw duh pruh olnho| wr eh uhg +zkhq wkh up kdv wr uh hpsor|hhv, wkdq
zrunhuv zkr kdyh uhsruwhg qr dfflghqwv1 Khqfh/ zh dvvxph wkdw 
￿ A 
￿ 1 Z h dovr
dvvxph wkdw uhsruwlqj dq dfflghqw kdv qr hhfw rq d zrunhu*v zdjh/ zklfk zrxog
lqghhg eh loohjdo lq prvw li qrw doo frxqwulhv lq rxu gdwdvhw1 Qh{w/ zh vxssrvh/
iru vlpsolflw|/ wkdw uhsruwlqj pruh wkdq rqh dfflghqw lqvwhdg ri mxvw rqh dfflghqw
kdv qr hhfw rq wkh suredelolw| ri ehlqj uhg1 Wklv lv mxvw wr vlpsoli| qrwdwlrq1
Doo wkh uhvxowv ehorz jr wkurxjk dv orqj dv wkh suredelolw| ri ehlqj uhg 
￿ lv
qrqghfuhdvlqj lq wkh qxpehu ri dfflghqwv uhsruwhg1 Vlqfh zh dvvxph wkdw 
￿ grhv
qrw ixuwkhu lqfuhdvh e| uhsruwlqj pruh wkdq rqh dfflghqw/ lw lv rswlpdo iru wkh
zrunhu wr uhsruw hdfk dfflghqw diwhu wkh uvw rqh dqg uhfhlyh wkh frpshqvdwlrq
 E iurp wkh up1
Vlqfh Y
￿ Ew  Y
￿ Ew ? f dqg ehfdxvh d zrunhu zkr kdv qrw uhsruwhg dq
dfflghqw |hw fdq dozd|v plplf wkh ehkdylru ri d zrunhu zkr kdv douhdg| uhsruwhg
dq dfflghqw/ zh qg wkdw 
￿ A 
￿ lpsolhv Y
￿ Ew A Y
￿ Ew1
Lw lv qrz vwudljkwiruzdug wr vhh wkdw d zrunhu*v rswlpdo uhsruwlqj vwudwhj|
wdnhv wkh iroorzlqj irup1 Uhsruw dq dfflghqw li dqg rqo| li  EEY
￿ Ew  Y
￿ Ew 
f1 Vlqfh e| dvvxpswlrq 
￿
E  f/ iru jlyhq Y
￿ Ew  Y
￿ Ew rqo| dfflghqwv   7 
duh uhsruwhg1 Khqfh/ frqglwlrqdo rq Y
￿ Ew  Y
￿ Ew wkh suredelolw| wkdw dq dffl0
ghqw lv uhsruwhg htxdov ! E  I E7 1 Qh{w qrwh wkdw dv Y
￿ Ew  Y
￿ Ew ehfrphv
vpdoohu/ wkh orvv ri uhsruwlqj dq dfflghqw ehfrphv vpdoohu/ dqg khqfh pruh dffl0
ghqwv zloo eh uhsruwhg1
Vr wkh fuxfldo txhvwlrq lv krz wkh sdwk ri Y
￿ E= dhfwv wkh glhuhqfh Y
￿ E= 
Y
￿ E=/ ehfdxvh wkdw lv wkh fkdqqho wkurxjk zklfk wkh xqhpsor|phqw udwh dhfwv
wkh qxpehu ri dfflghqwv uhsruwhg1 Qrz zh vroyh wkh glhuhqwldo htxdwlrqv +4,
dqg +5, zlwk dq h{rjhqrxv sdwk iru Y
￿ E= qrw dv lqlwldo ydoxh sureohpv/ exw dv d
erxqgdu| ydoxh sureohp lq wkh iroorzlqj vhqvh1 Vxssrvh wkdw iru vrph W A f lw
lv wkh fdvh wkdw Y
￿ Ew ' 7 Y
￿ iru doo w  W 1 Wkhq zh zdqw wkh vroxwlrqv Y
￿ Ew dqg
Y
￿ Ew wr frqyhujh wr wkh vroxwlrqv ri +4, dqg +5, zlwk  Y
￿ Ew '  Y
￿ Ew ' f1 Vr/ iru
lqvwdqfh/ Y



















































￿ 1 Wklv lv
wkh vroxwlrq wkdw iroorzv iurp shuihfw iruhvljkw1
Ehiruh vshfli|lqj krz Y
￿ Ew lv ghwhuplqhg/ zh fdq ghulyh wkh hhfw ri Y
￿ Ew
rq wkh qxpehu ri uhsruwhg dfflghqwv1 Wklv zh gr lq wzr glhuhqw zd|v1 Iluvw/ zh
<orrn dw sxuh ohyho hhfwv1 Vhfrqg/ zh frqvlghu wzr glhuhqw wlph sdwkv iru Y
￿ E=
exw frqwuro iru ohyho hhfwv vr dv wr irfxv rq wkh hhfw ri d fkdqjlqj ghulydwlyh
 Y
￿ Ew1 Wkh sxuh ohyho hhfw fdq eh fkdudfwhul}hg dv iroorzv1 Doo uhvxowv duh suryhg
lq dsshqgl{ 51
Sursrvlwlrq 4 Frqvlghu d wlph sdwk iru wkh ydoxh ri ehlqj xqhpsor|hg Y
￿ Ew
dqg dq dowhuqdwlyh wlph sdwk Y
￿ Ew n %1 Wkhq % A f lpsolhv wkdw wkh qxpehu ri
dfflghqwv uhsruwhg xqghu wkh dowhuqdwlyh wlph sdwk h{fhhgv wkh qxpehu ri dfflghqwv
uhsruwhg xqghu wkh ruljlqdo wlph sdwk1
Wklv lv d sxuh ohyho hhfw/ vlqfh iru hdfk w wkh wzr wlph sdwkv iru Y
￿ E= duh
h{dfwo| wkh vdph +vdph wlph ghulydwlyhv hwf1, xs wr d vkliw lq wkh ohyho ri Y
￿ 1
Wkh lqwxlwlrq iru wkh uhvxow lv wkdw xqghu wkh dowhuqdwlyh wlph sdwk +zlwk % A f,
ehfrplqj xqhpsor|hg lv qrw dv edg dv xqghu wkh ruljlqdo wlph sdwk1 Khqfh
uhsruwlqj dq dfflghqw +zklfk pdnhv d zrunhu xqhpsor|hg vrrqhu/ lq h{shfwhg
whupv, kdv qrw vxfk qhjdwlyh frqvhtxhqfhv xqghu wkh dowhuqdwlyh wlph sdwk wkdq
xqghu wkh ruljlqdo1 Khqfh/ rqh zrxog h{shfw wr vhh pruh dfflghqwv uhsruwhg xqghu
wkh dowhuqdwlyh wlph sdwk1
Lq rughu wr frpsduh wkh qxpehu ri dfflghqwv uhsruwhg iru wzr glhuhqw wlph
sdwkv ri Y
￿ E= frqwuroolqj iru wkh ohyho hhfw/ zh qhhg wr lqwurgxfh vrph qrwdwlrq
uvw1 Jlyhq d uhdo ydoxhg ixqfwlrq j E= ri wlph w zlwk mj E=m ? P iru vrph P A f/
zh ghqh wkh ixqfwlrq 7 j
< Ew iru # A f dv
7 j















j Ev gv +6,
Lq zrugv/ 7 j
< Ew lv d zhljkwhg dyhudjh ri doo ixwxuh ydoxhv ri j E= vwduwlqj iurp wlph














gv '  dqg khqfh htxdwlrq +6, lv lqghhg d zhljkwhg
dyhudjh1
? Z h vhh 7 j
< Ew dv d vxppdu| ri wkh orqj uxq ehkdylru ri wkh ixqfwlrq
j E= dv ri wlph w1 Qrz zh fdq irupxodwh krz zh frpsduh wzr glhuhqw wlph sdwkv
iru Y
￿ frqwuroolqj iru ohyho hhfwv1
Sursrvlwlrq 5 Frqvlghu wzr wlph sdwkv Y
￿
%
@ Ew dqg Y
￿
B































@ Ew ' Y
￿
B
A Ew iru doo w  W
D
Lq idfw/ wkh zhljkwv iroorz dq h{srqhqwldo glvwulexwlrq1 Dovr/ qrwh wkdw wkh ghqlwlrq ri  j
E




@ Ef A  Y
￿
B
A Ef lpsolhv wkdw wkh qxpehu ri dfflghqwv uhsruwhg dw wlph w ' f
lv vpdoohu xqghu wlph sdwk Y
￿
B




Wkh sursrvlwlrq frqvlghuv wzr wlph sdwkv zkhuh wkh uvw lv hlwkhu pruh vwhhso|
xszdug vorslqj wkdq wkh vhfrqg/ ru wkh uvw lv xszdug vorslqj zkloh wkh vhfrqg
lv grzqzdug vorslqj/ ru wkh vhfrqg lv pruh vwhhso| grzqzdug vorslqj wkdq wkh
uvw dw w ' f1 Z h duh lqwhuhvwhg lq wkh hhfw ri wklv lqhtxdolw|  Y
￿
5








A Ew  Y
￿
5
@ Ew1 Wkh wkuhh frqglwlrqv lq wkh sursrvlwlrq wdnh rxw wkh ohyho




@ Ef ' Y
￿
B
A Ef1 Vr wkhuh lv qr ohyho hhfw wr vwduw zlwk1 Wkh wklug
frqglwlrq pdnhv vxuh wkdw wkh wzr sdwkv frlqflgh iurp vrph wlph W A f rqzdug/
khqfh wkhuh duh qr orqj whup ohyho hhfwv hlwkhu1
Wkh vhfrqg frqglwlrq lv voljkwo| pruh vxewoh1 Lw lv uhodwlyho| vwudljkwiruzdug wr
vhh wkdw wkh uvw dqg wkh wklug frqglwlrq duh qrw vx!flhqw wr holplqdwh ohyho hhfwv1
Iru lqvwdqfh/ d wlph sdwk Y
￿
C
A Ew zlwk Y
￿
%
@ Ef ' Y
￿
B




@ Ew iru w 5 kf> W l dqg frlqflghv djdlq zlwk Y
￿
5
@ E= iru doo
w  W vdwlvhv wkh wzr frqglwlrqv1 \ hw/ wkhuh lv vwloo d ohyho hhfw vlqfh wkh vhfrqg
wlph sdwk lv xqdpeljxrxvo| zruvh iru dq djhqw wkdq wkh uvw1 Wr dyrlg wklv odwwhu
hhfw/ lw pxvw eh wkh fdvh wkdw wkh lqlwldo qhjdwlyh glhuhqfh Y
￿
B




frpshqvdwhg odwhu rq e| d srvlwlyh glhuhqfh/ dv looxvwudwhg e| Iljxuh 41 Wklv lv


















A Ef/ hqvxuhv1 Lw vd|v wkdw
wkh orqj uxq ehkdylru ri wkh wzr wlph sdwkv/ dv vhhq iurp wlph w ' f/ lv wkh vdph1
Rqh wlph sdwk grhv qrw |lhog d frqvlvwhqwo| kljkhu ru orzhu ydoxh wkdq wkh rwkhu
sdwk1 Lq sduwlfxodu/ wklv frqglwlrq lpsolhv wkdw wkh wzr wlph sdwkv iru Y
￿ kdyh
wkh vdph ydoxh iru Y
￿ dw wlph w ' f +iru ghwdlov vhh wkh dsshqgl{,1
Wkh uhvxow qrz vd|v wkdw frpsdulqj wzr wlph sdwkv iru Y
￿ / zkhuh doo ohyho
hhfwv kdyh ehhq uhpryhg/ dqg zkhuh lw lv wkh fdvh wkdw  Y
￿
5
@ Ef A  Y
￿
B
A Ef zh qg
wkdw wkh qxpehu ri dfflghqwv uhsruwhg dw wlph w ' f lv kljkhu xqghu wkh uvw wlph
sdwk wkdq xqghu wkh vhfrqg1 Wkh lqwxlwlrq lv wkh iroorzlqj1 Wkh glhuhqfh eh0
wzhhq wkh h{shfwhg glvfrxqwhg ydoxh ri ehlqj hpsor|hg zlwkrxw kdylqj uhsruwhg
dq dfflghqw/ Y
￿ / dqg wkh glvfrxqwhg ydoxh zkloh kdylqj uhsruwhg dq dfflghqw/
Y
￿ / lv ghwhuplqhg e| wkh h{shfwhg gxudwlrq xqwlo xqhpsor|phqw1 Rqfh d zrunhu
kdv uhsruwhg dq dfflghqw/ kh lv h{shfwhg wr ehfrph xqhpsor|hg vrrqhu +vlqfh

￿ A 
￿ , vr d uhgxfwlrq lq wkh ydoxh ri ehfrplqj xqhpsor|hg +zkloh frqwuroolqj
iru orqj uxq ohyho hhfwv, dw w ' f kdv d eljjhu qhjdwlyh hhfw rq Y
￿ wkhq rq Y
￿ 1
Khqfh/ Y
￿ Ef  Y
￿ Ef lqfuhdvhv dv Y
￿ idoov idvwhu dw w ' f dqg ihzhu dfflghqwv duh
uhsruwhg1
Xs xqwlo qrz/ zh kdyh dqdo|}hg wkh hhfwv ri Y
￿ rq wkh uhsruwhg qxpehu ri
44dfflghqwv1 Krzhyhu/ lq wkh hpslulfdo dqdo|vlv zh orrn dw wkh hhfwv ri wkh exvlqhvv
f|foh/ sur{lhg e| xqhpsor|phqw udwh x E=/ rq wkh qxpehu ri uhsruwhg dfflghqwv1
Wkh uhpdlqghu ri wklv vhfwlrq olqnv wkh ghyhorsphqw ri x E= wr wkh ghyhorsphqw ri
Y
￿ E=1 Lq rughu wr gr wklv/ zh zrun zlwk d vhdufk dqg pdwfklqj prgho lq wkh oderu
pdunhw1 Lq sduwlfxodu/ zh dvvxph wkdw wkh ghyhorsphqw ri Y
￿ E= lv ghwhuplqhg e|
wkh iroorzlqj glhuhqwldo htxdwlrq
Y
￿ Ew ' e n t Ex Ew dY
￿ Ew  Y
￿ Ewo n  Y
￿ Ew +7,
zkhuh e lv wkh xqhpsor|phqw ehqhw ohyho dqg t E= ghqrwhv wkh suredelolw| wkdw






 Edoi E g zklfk lpsolhv wkdw d zrunhu lv ehwwhu r kdylqj d mre wkdq uhpdlqlqj
xqhpsor|hg1 Vlqfh zh dvvxph wkdw d qhz hpsor|hu grhv qrw nqrz zkhwkhu wkh
zrunhu kdv uhsruwhg dq dfflghqw lq klv suhylrxv mre/ wkh ydoxh ri d qhz mre lv Y
￿
luuhvshfwlyh ri wkh klvwru| ri wkh zrunhu1 Z h ylhz wklv dv d glhuhqwldo htxdwlrq
ghwhuplqlqj Y
￿ Ew dv d ixqfwlrq ri wkh h{rjhqrxv wlph sdwk iru xqhpsor|phqw
x Ew/ zkhuh Y
￿ Ew lv ghwhuplqhg e| htxdwlrq +4,1
Z h dvvxph wkdw wkh suredelolw| ri jhwwlqj d mre lv ghfuhdvlqj lq wkh xqhp0
















" ? f iru doo w1 Wklv lpsolhv wkdw wkh ydoxh ri
ehlqj xqhpsor|hg Y
￿ idoov zlwk wkh xqhpsor|phqw ohyho/ vlqfh d kljkhu xqhpsor|0
phqw ohyho lqfuhdvhv wkh h{shfwhg gxudwlrq ri wkh xqhpsor|phqw vshoo1 Wkh zd|
zh wklqn ri wkh ixqfwlrq t E= lv dv d pdwfklqj suredelolw| / zkhuh wkh qxpehu ri
pdwfkhv hdfk shulrg htxdov p Ex Ew > y Ew iru vrph pdwfklqj ixqfwlrq p E=> = dqg
zkhuh y Ew ghqrwhv wkh qxpehu ri ydfdqflhv srvwhg dw wlph w1 Khqfh wkh suredelo0



















" 1 Z h gr
qrw prgho wkh qxpehu ri ydfdqflhv y Ew exw dvvxph wkdw d Ehyhulgjh fxuyh h{lvwv
+vhh iru h{dpsoh Qlfnhoo hw do1 +5334,,1 Wkdw lv/ y Ew lv qhjdwlyho| fruuhodwhg zlwk























" / zlwk t
￿
Ex ? f1 Ehorz zh frqvlghu
glhuhqw wlph sdwkv iru x E=/ nhhslqj wkh ixqfwlrq t E= wkh vdph1
Vlqfh Y
￿ Ew lv ghfuhdvlqj lq x Ew/ zh fdq irupxodwh wkh uhvxowv lq wkh sursr0
vlwlrqv deryh dv iroorzv1
Fruroodu| 6 Frqvlghu wzr vwhdg| vwdwh xqhpsor|phqw ohyhov x dqg x n %1 Wkhq
% A f lpsolhv wkdw wkh qxpehu ri dfflghqwv uhsruwhg lq wkh dowhuqdwlyh vwhdg| vwdwh
lv orzhu wkdq wkh qxpehu ri dfflghqwv uhsruwhg lq wkh ruljlqdo vwhdg| vwdwh1
Frqvlghu wzr wlph sdwkv x
@ Ew dqg x
A Ew zlwk
x
@ Ef ' x
A Ef
x
@ Ew ' x
A Ew iru doo w  W



































@ Ef ?  x
A Ef lpsolhv wkdw wkh qxpehu ri uhsruwhg dfflghqwv dw w ' f lv
orzhu xqghu wlph sdwk x
A E= wkdq xqghu x
@ E=1
Khqfh zh vhh wkdw d kljkhu xqhpsor|phqw ohyho ohdgv wr ihzhu uhsruwhg dffl0
ghqwv1 Zkhq frqvlghulqj wkh hhfw ri d fkdqjh lq xqhpsor|phqw ohyho/ zh qhhg
wr fruuhfw djdlq iru ohyho hhfwv +dv lq sursrvlwlrq 5,1 Wklv wdnhv wkh irup khuh
wkdw dw w ' f wkh xqhpsor|phqw ohyho lv wkh vdph iru erwk vhulhv1 I xuwkhu/ iurp
vrph ixwxuh gdwh W A f rqzdugv/ wkh xqhpsor|phqw ohyhov frlqflgh iru erwk vh0
ulhv1 \ hw/ wklv lv qrw hqrxjk wr uhpryh ohyho hhfwv/ dv lw grhv qrw h{foxgh wkh
fdvh zkhuh x
@ Ew ? x
A Ew iru doo w 5 kf> W l dqg sdwk 5 lv xqdpeljxrxvo| zruvh
iru d zrunhu wkdq sdwk 41 Wkh wzr frqglwlrqv rq wkh ydoxh ri ehlqj xqhpsor|hg
uhpryhv wkhvh ohyho hhfwv1 Li xqhpsor|phqw ulvhv idvwhu dw w ' f xqghu wlph sdwk
5 wkdq xqghu 4/ wkhq wkh ydoxh ri ehlqj xqhpsor|hg lqlwldoo| idoov idvwhu xqghu
wlph sdwk 5 wkdq xqghu 4 +  Y
￿
C
A Ef ?  Y
￿
5
@ Ef, vlqfh lw lv uhodwlyho| kdughu wr qg d
mre1 Sursrvlwlrq 5 wkhq lpsolhv wkdw ihzhu dfflghqwv duh uhsruwhg xqghu wlph sdwk
5 wkdq xqghu 41 Vxppdul}lqj/ zh qg d vpdoohu qxpehu ri dfflghqwv uhsruwhg
zkhq xqhpsor|phqw ulvhv1
7 Z runsodfh dfflghqwv dfurvv wkh RHFG
714 Gdwd
Wkhuh duh fohdu glhuhqfhv lq wkh zd|v lq zklfk frxqwulhv ghqh dqg uhjlvwhu
zrunsodfh dfflghqwv1 Glhuhqfhv uhihu iru h{dpsoh wr wkh plqlpxp qxpehu ri
zrunlqj gd|v orvw wr wkh dfflghqwv/ wkh vhyhuhqhvv ri wkh dfflghqwv/ zkhwkhu ru
qrw frppxwlqj dfflghqwv duh lqfoxghg1
Q Wr jlyh vrph h{dpsohv iru wkh |hdu
4<<8= lq Fdqdgd wkhuh zhuh derxw 743/333 zrunsodfh dfflghqwv ri zklfk :83
zhuh idwdo/ Iudqfh kdg 9:3/333 zrunsodfh dfflghqwv ri zklfk :33 zhuh idwdo/ Lwdo|
R
Dffruglqj wr wkh Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Z run ghshqglqj rq wkh uh0
sruwlqj surfhgxuh +lqvxudqfh ru qrq0lqvxudqfh edvhg v|vwhpv, wkh uhsruwlqj ohyhov iru dfflghqwv
dw zrun glhu1 Lq jhqhudo/ wkh uhsruwlqj ohyhov duh yhu| kljk lq wkh lqvxudqfh edvhg v|vwhpv dqg
frqvlghuhg wr eh derxw 433(1 Wkh qrq0lqvxudqfh edvhg v|vwhp kdv rqo| d phglxp uhsruwlqj
ohyho xvxdoo| udqjlqj iurp 63 wr 83(/ rq dyhudjh/ iru doo eudqfkhv ri hfrqrplf dfwlylw| wdnhq
wrjhwkhu1
46kdg 993/333 zrunsodfh dfflghqwv ri zklfk 4483 zhuh idwdo/ Vsdlq kdg 933/333
zrunsodfh dfflghqwv ri zlwk 4333 zhuh idwdo/ XN kdg 483/333 zrunsodfh dfflghqwv
ri zklfk 563 zhuh idwdo dqg wkh XV kdg 51; ploolrq zrunsodfh dfflghqwv ri zklfk
9633 zhuh idwdo1 Wkh dsshqgl{ surylghv pruh ghwdlov derxw wkh gdwd1
Iljxuh 5 vkrzv wkh hyroxwlrq ri +qrq0idwdo, zrunsodfh dfflghqw udwhv dqg xq0
hpsor|phqw udwhv iru wkh 4: RHFG frxqwulhv lq rxu vdpsoh1 Dv vkrzq lq pdq|
exw qrw doo frxqwulhv wkhuh lv d grzqzdug wuhqg lq zrunsodfh dfflghqw udwhv1 Frxq0
wulhv zkhuh wkhuh lv qr fohdu grzqzdug wuhqg duh Ghqpdun/ Luhodqg dqg Vsdlq1
Qhyhuwkhohvv/ iru vrph frxqwulhv lw lv fohdu wkdw wkhuh lv dq lqyhuvh uhodwlrqvkls
ehwzhhq zrunsodfh dfflghqwv dqg xqhpsor|phqw1 Iru h{dpsoh wkh lqfuhdvh lq
xqhpsor|phqw udwh lq wkh hduo| 4<<3v lq Fdqdgd/ Ilqodqg dqg Vzhghq lv dffrp0
sdqlhg e| d pdmru gurs lq wkh zrunsodfh dfflghqw udwh1 Lq Luhodqg wkh pdmru gurs
lq xqhpsor|phqw udwh vlqfh wkh plg 4<<3v lv dffrpsdqlhg e| d vwurqj lqfuhdvh lq
wkh zrunsodfh dfflghqw udwh1 Lq frxqwulhv olnh Ghqpdun/ I udqfh/ Lwdo|/ Sruwxjdo
dqg Vsdlq wkhuh duh vhyhudo xswxuqv dqg grzqwxuqv lq wkh xqhpsor|phqw udwhv
zkhuh wkh dfflghqw udwhv vkrz pluuru lpdjhv1 Iru wkh XV wklv lv dovr wkh fdvh
xqwlo wkh hduo| 4<<3v1 Diwhu wkdw erwk wkh xqhpsor|phqw udwh dqg wkh zrunsodfh
dfflghqw udwh kdyh jrqh grzq1
Wdeoh 4 jlyhv d vxppdu| suhvhqwdwlrq ri zrunsodfh dfflghqwv udwhv 0 erwk
idwdo dqg qrq0idwdo 0 dfurvv wkh RHFG1 Dv lv reylrxv wkhuh lv d elj udqjh lq
dfflghqw udwhv/ iurp dv orz dv 317( lq Luhodqg wr ;14( lq Ehojlxp dqg <19( lq
Ox{hperxuj1 Wkhvh glhuhqfhv sduwo| kdyh wr gr zlwk wkh ghqlwlrq ri zrun0
sodfh dfflghqwv1 Lq Luhodqg dqg wkh XN iru h{dpsoh zrunsodfh dfflghqwv uhihu
wr lqfdsdflw| ri wkh zrunhu ri 7 zrungd|v ru pruh1 Lq Dxvwuld dqg Sruwxjdo iru
h{dpsoh zrunsodfh dfflghqwv lqfoxgh qrq0idwdo fdvhv zlwkrxw orvw zrungd|v1 Dovr
iru idwdo zrunsodfh dfflghqwv wkhuh lv d zlgh glhuhqfh ehwzhhq frxqwulhv iurp d
orz 31334( lq wkh Qhwkhuodqgv wr d kljk 31344( lq Ox{hperxuj1 Ryhu wkh vdph
fdohqgdu wlph shulrg wkh xqhpsor|phqw udwh ydulhg iurp 41:( lq Ox{hperxuj
wr 4;1<( lq Vsdlq1 Vlqfh wkh glhuhqfhv lq ohyho ri zrunsodfh dfflghqwv pd| kdyh
pruh wr gr zlwk glhuhqfhv lq gdwd froohfwlrq wkdq wkh| kdyh wr gr zlwk uhdo
glhuhqfhv lw lv hvshfldoo| wkh zlwklq frxqwu| fruuhodwlrq ehwzhhq dfflghqw udwhv
dqg xqhpsor|phqw udwhv zklfk lv lqwhuhvwlqj wr lqyhvwljdwh1 Wkh irxuwk froxpq
ri Wdeoh 4 vkrzv wkdw lq prvw frxqwulhv wkhuh lv d vljqlfdqw qhjdwlyh fruuhodwlrq
ehwzhhq erwk udwhv1 Rqo| iru Ghqpdun/ wkh XN dqg wkh XV wkhuh lv d srvl0
wlyh exw lqvljqlfdqw fruuhodwlrq ehwzhhq erwk udwhv1 Wkh odvw froxpq ri Wdeoh
4 vkrzv wkh fruuhodwlrq ehwzhhq wkh idwdo dfflghqw udwhv dqg wkh xqhpsor|phqw
udwhv iru hdfk ri wkh frxqwulhv lqyroyhg1 Khuh wrr wkhuh lv iuhtxhqwo| d vljqlfdqw
qhjdwlyh fruuhodwlrq1 Ri frxuvh erwk wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg
47+qrq0idwdo, zrunsodfh dfflghqwv dqg wkh fruuhodwlrq ehwzhhq xqhpsor|phqw dqg
idwdo zrunsodfh dfflghqwv pd| eh edvhg rq wuhqgolnh ghyhorsphqwv/ zlwk xqhp0
sor|phqw jrlqj xs lq pdq| frxqwulhv dqg zrunsodfh dfflghqwv jrlqj grzq1 Lq
rughu wr dffrxqwv iru wkhvh wuhqgv zh kdyh wr shuirup d pxowlyduldwh dqdo|vlv/
zklfk lv suhvhqwhg lq wkh qh{w vhfwlrq1
715 Sdudphwhu hvwlpdwhv
Rxu hpslulfdo dqdo|vlv lv edvhg rq wkh uhodwlrqvkls ehwzhhq uhsruwhg zrunsodfh
dfflghqwv dqg xqhpsor|phqw udwhv/ zklfk zh ghulyhg lq wkh wkhruhwlfdo vhfwlrq1
Dv glvfxvvhg lq wkh suhylrxv vhfwlrq frxqwulhv glhu lq wkh zd| wkh| uhjlvwhu dqg
froohfw gdwd rq zrunsodfh dfflghqwv1 Wklv phdqv wkdw {hg glhuhqfhv ehwzhhq
frxqwulhv lq zrunsodfh dfflghqwv udwhv pd| rffxu1
S Lw pd| dovr eh wkh fdvh wkdw
fdohqgdu |hdu hhfwv wkdw dffrxqw iru mrlqw lq xhqfhv ryhu wlph duh uhohydqw1 Dqg/
lw pd| eh wkdw wkhuh duh frxqwu|0vshflf wlph wuhqgv wkdw lq xhqfh wkh hyroxwlrq
ri zrunsodfh dfflghqwv1 Wkhvh frxqwu|0vshflf wlph wuhqgv frxog uh hfw zrunlqj
frqglwlrqv wkdw judgxdoo| lpsuryh ru ghwhulrudwh/ fkdqjhv lq wkh lqgxvwuldo vwuxf0
wxuh hw fhwhud1 Wkhuhiruh/ zh dgg {hg hhfwv iru frxqwulhv dqg dovr fdohqgdu



















zkhuh d lv wkh +qrq idwdo, zrunsodfh dfflghqw udwh/  lv d wlph wuhqg/ x lv wkh




= duh wkh huuru whupv1 Zkhq hvwlpdwlqj wkh sdudphwhuv ri wklv htxdwlrq zh
dovr dgghg vrph frxqwu|0vshflf gxpplhv wr dffrxqw iru euhdnv lq vhulhv +vhh wkh
dsshqgl{ iru ghwdlov,1 Wr dffrxqw iru srvvleoh khwhurvnhgdvwlflw| zh fdofxodwhg
urexvw vwdqgdug huuruv1
Wkh hvwlpdwlrq uhvxowv duh vkrzq lq Wdeoh 51 Wkh xsshu sduw ri wklv wdeoh
frqfhuqv wkh hvwlpdwlrq uhvxowv zkhq zh wdnh doo lqirupdwlrq lqwr dffrxqw dqg
xvh 689 gdwdsrlqwv iru 4: frxqwulhv1 Z h vkrz sdudphwhu hvwlpdwhv ri 
A zlwk dqg
zlwkrxw frxqwu|0vshflf wlph wuhqgv1 Wkh uvw froxpq vkrzv wkdw wkh hodvwlflw|
ri zrunsodfh dfflghqwv zlwk uhvshfw wr xqhpsor|phqw htxdov 031441 Wklv hodvwlflw|
jrhv grzq wr 03149 li frxqwu|0vshflf wlph wuhqgv duh lqfoxghg1 Lw lv reylrxv wkdw
V
Wkh vwuxfwxuh ri wkh zrunirufh pd| lq xhqfh wkh ohyho ri wkh zrunsodfh dfflghqw udwh1 Lq
4<<; zrunhuv lq wkh HX hpsor|hg iru ohvv wkdq wzr |hduv zhuh 415 wr 416 wlphv pruh olnho| wr
kdyh dq dfflghqwv wkdq wkh dyhudjh zrunhu/ luuhvshfwlyh ri zkhwkhu wkh| kdg d whpsrudu| ru
shupdqhqw frqwudfw1 Ixuwkhupruh/ wkh ulvn ri dq dfflghqwv iru shrsoh djhg ehwzhhq 4; dqg 57
zdv 417 wlphv wkh dyhudjh1 Dovr/ wkhuh duh elj glhuhqfhv ehwzhhq lqgxvwulhv1 Lq djulfxowxuh/
kxqwlqj dqg vklqj wkh dfflghqw udwh zdv 91;(/ lq frqvwuxfwlrq ;16(1
48wkh xqhpsor|phqw udwh kdv d vljqlfdqw qhjdwlyh hhfw rq qrq0idwdo dfflghqwv1
Iru idwdo dfflghqwv zh hvwlpdwh vlplodu htxdwlrqv dv +4,1 Wkh wklug froxpq vkrzv
wkdw dovr idwdo zrunsodfh dfflghqwv vhhp wr eh lq xhqfhg e| wkh xqhpsor|phqw
udwh1 Krzhyhu/ li zh lqwurgxfh frxqwu|0vshflf wlph wuhqgv wkh hodvwlflw| lv qrw
glhuhqw iurp }hur dw frqyhqwlrqdo ohyhov ri vljqlfdqfh1
Wkh plggoh sduw ri Wdeoh 5 vkrzv wkh hvwlpdwlrq uhvxowv li zh uhgxfh wkh
vdpsoh wr HX0frxqwulhv/ lq zklfk fdvh zh kdyh 634 gdwdsrlqwv iru 47 frxqwulhv1
Dv vkrzq wkh sdudphwhu hvwlpdwhv duh qrw pxfk dhfwhg e| wklv uhgxfwlrq1 Wkh
orzhu sduw ri Wdeoh 5 vkrzv wkh hvwlpdwlrq uhvxowv li zh xvh d edodqfhg vdpsoh
iru wkh shulrg 4<;30;9/ lq zklfk fdvh zh kdyh 537 gdwdsrlqwv iru 45 frxqwulhv +44
HX0frxqwulhv dqg wkh XV,1 Djdlq/ wkh sdudphwhu hvwlpdwhv gr qrw fkdqjh d orw1
Lw lv fohdu wkdw wkh xqhpsor|phqw udwh kdv d vljqlfdqwo| qhjdwlyh hhfw rq wkh
qrq0idwdo dfflghqwv udwh zkloh lw grhv qrw dhfw wkh idwdo dfflghqw udwh1
Wkh orzhu sduw ri Wdeoh 5 dovr frqwdlqv vhqvlwlylw| dqdo|vhv/ zkhuh zh uvw
























zkhuh k lv wkh krxuv dfwxdoo| zrun shu shuvrq hpsor|hg dqg  
T
I
= duh wkh huuru
whupv1 Dv vkrzq wkh hvwlpdwlrq uhvxowv kdugo| fkdqjh1 Lq wkh uhjuhvvlrqv zlwk
wkh qrq0idwdo dfflghqw udwh dv ghshqghqw yduldeoh wkh frh!flhqw rq zrunlqj krxuv
lv qhjdwlyh dqg kljko| lqvljqlfdqw1 Lq wkh uhjuhvvlrqv zlwk wkh idwdo dfflghqw
udwh dv ghshqghqw yduldeoh wkh frh!flhqw rq zrunlqj krxuv lv srvlwlyh wkrxjk qrw
vljqlfdqwo| glhuhqw iurp }hur1 Dssduhqwo| wkh qxpehu ri zrunlqj krxuv qhlwkhu
dhfw qrq0idwdo zrunsodfh dfflghqwv qru idwdo zrunsodfh dfflghqwv1
Wkhq zh vxevhtxhqwo| dgg wkh fkdqjh lq wkh xqhpsor|phqw udwh dqg wkh



























zkhuh h lv hpsor|phqw/ { wkh lqglfdwru iru uvw glhuhqfhv dqg y
T
I
= duh wkh huuru
whupv1
Li zh lqwurgxfh wkh fkdqjh lq xqhpsor|phqw udwh dv dgglwlrqdo h{sodqdwru|
yduldeoh wkh hodvwlflw| ri qrq0idwdo zrunsodfh dfflghqwv zlwk uhvshfw wr xqhpsor|0
phqw gursv d olwwoh elw iurp 0314< wr 03149 zkloh wkh fkdqjh lq xqhpsor|phqw dovr
kdv d vljqlfdqw qhjdwlyh hhfw rq wkh dfflghqw udwh1 Li zh dgg wkh fkdqjh lq hp0
sor|phqw udwh dv h{sodqdwru| yduldeoh zh qg wkdw wklv yduldeoh kdv qr vljqlfdqw
hhfw rq wkh dfflghqw udwh zkloh wkh hhfwv ri xqhpsor|phqw dqg fkdqjh lq xq0
hpsor|phqw kdugo| fkdqjh1 Wkh hvwlpdwhv zlwk frxqwu|0vshflf wlph wuhqgv duh
49yhu| vlplodu1 Li zh lqwurgxfh wkh fkdqjh lq xqhpsor|phqw udwh dv dgglwlrqdo h{0
sodqdwru| yduldeoh wkh hodvwlflw| ri idwdo zrunsodfh dfflghqwv lv vwloo lqvljqlfdqwo|
glhuhqw iurp }hur1 Wkh fkdqjh lq xqhpsor|phqw kdv d vljqlfdqw qhjdwlyh hhfw
exw wklv hhfwv ydqlvkhv li zh lqwurgxfh frxqwu|0vshflf wlph wuhqgv1
Vr kljk xqhpsor|phqw udwhv dqg lqfuhdvhv lq xqhpsor|phqw udwhv kdyh d
vljqlfdqw qhjdwlyh hhfw rq zrunsodfh dfflghqw udwhv zkhuhdv fkdqjhv lq hp0
sor|phqw gr qrw dhfw dfflghqw udwhv1 I dwdo dfflghqw udwhv duh qrw lq xhqfhg e|
oderu pdunhw frqglwlrqv dw doo1 I urp wklv zh frqfoxgh wkdw f|folfdo  xfwxdwlrqv
lq wkh qrq0idwdo zrunsodfh dfflghqw udwh duh gulyhq e| wkh uhsruwlqj ehkdylru ri
wkh zrunhuv dqg qrw e| fkdqjhv lq zrunsodfh vdihw|1
Wdeoh 6 vkrzv frxqwu|0vshflf hvwlpdwhv ri 
A = I ru hdfk ri wkh 45 frxqwulhv
lq wkh edodqfhg vdpsoh e 
A ? f/ dowkrxjk wkh ydoxhv udqjh iurp d kljk dqg
lqvljqlfdqw 03143 iru Ghqpdun wr d orz 031:: iru I udqfh1 Fohduo| 
A lv khwhurjh0
qrxv sdudphwhu1 Wdeoh 7 vkrzv hvwlpdwlrq uhvxowv zh lpsrvh uhvwulfwlrqv rq wkh
frxqwu|0vshflf sdudphwhu hvwlpdwhv ri 
A 1 Wkh uvw froxpq vkrzv sdudphwhu
hvwlpdwhv li zh hvwlpdwh 
A iru 6 jurxsv ri frxqwulhv1 Wkh odujhvw jurxs kdv
d e 
A ri 0314:/ zkloh iru wkh vhfrqg jurxs e 
A ' f=.f dqg iru wkh wklug jurxs
e 
A ' f=e= Iurp d Olnholkrrg Udwlr whvw frpsdulqj wkh uhvwulfwhg hvwlpdwhv
zlwk wkh ixoo|  h{leoh sdudphwhu hvwlpdwhv ri Wdeoh 5 lw dsshduv wkdw zh fdqqrw





froxpq ri Wdeoh 7 vkrzv hvwlpdwlrq uhvxowv li zh dvvxph 
A wr eh d udqgrp fr0














zlwk d suredelolw|0pdvv ri ;;( dqg e 
A
￿ ' f=/ zlwk d suredelolw|0pdvv ri
45(1 Djdlq/ iurp d OU0whvw lw dsshduv wkdw zh fdqqrw uhmhfw wkh uhgxfwlrq ri
wkh 45 frxqwu|0vshflf 
A *v wr 5 
A *v/ wkdw duh erwk vljqlfdqwo| vpdoohu wkdq
}hur1 Doo lq doo/ dowkrxjk wkhuh lv vrph sdudphwhu khwhurjhqhlw| lw lv fohdu wkdw
wkh xqhpsor|phqw udwh kdv d vljqlfdqw qhjdwlyh hhfw rq wkh qrq0idwdo dfflghqw
udwh1
8 Frqfoxvlrqv
Lq wklv sdshu zh ghyhors d wkhruhwlfdo prgho wr h{sodlq f|folfdo  xfwxdwlrqv lq
zrunsodfh dfflghqwv1 Z h glvwlqjxlvk ehwzhhq wzr srvvleoh h{sodqdwlrqv/ zrun0




Zh lqyhvwljdwhg zkhwkhu wkh frxqwu|0vshflf frh!flhqwv 
^ duh fruuhodwhg zlwk wkh frxqwu|0




Wkh sdudphwhuv ri wklv pl{lqj glvwulexwlrq duh hvwlpdwhg xvlqj pd{lpxp olnholkrrg1
4:suhglfwv wkdw wkh ohyho ri xqhpsor|phqw lv qhjdwlyho| uhodwhg wr zrunsodfh df0
flghqwv ehfdxvh hruw lv qhjdwlyho| uhodwhg wr xqhpsor|phqw1 Ixuwkhupruh/ lw
suhglfwv wkdw zrunlqj krxuv duh srvlwlyho| uhodwhg wr zrunsodfh dfflghqwv ehfdxvh
zrunlqj orqjhu lqfuhdvhv wkh suredelolw| ri dq dfflghqwv wr rffxu1 Dovr/ wkh fkdqjh
lq hpsor|phqw lv srvlwlyho| uhodwhg wr zrunsodfh dfflghqwv vlqfh dq lqfuhdvh lq
hpsor|phqw frlqflghv zlwk d orw ri qhz klulqjv zkloh d ghfuhdvh lq hpsor|phqw
lv uhodwhg wr ihz qhz klulqjv1 Wkh cuhsruwlqj* h{sodqdwlrq suhglfwv wkdw erwk
wkh ohyho dqg wkh fkdqjh lq xqhpsor|phqw duh qhjdwlyho| uhodwhg wr zrunsodfh
dfflghqwv1 Dqrwkhu glvwlqfwlrq ehwzhhq wkh wzr dowhuqdwlyh h{sodqdwlrqv kdv wr
gr zlwk idwdo dfflghqwv1 Li f|fohv lq zrunsodfh frqglwlrqv gulyh wkh f|fohv lq
zrunsodfh dfflghqwv wklv vkrxog dovr eh wkh fdvh iru idwdo dfflghqwv1 Li uhsruwlqj
ehkdylru ri zrunhuv lv uhohydqw wkhq idwdo dfflghqwv vkrxog qrw eh dhfwhg e|
wkh xqhpsor|phqw udwh ru fkdqjhv lq wkh xqhpsor|phqw udwh/ ehfdxvh zlwk idwdo
dfflghqwv wkhuh lv qr uhsruwlqj ghflvlrq1
Lq rxu hpslulfdo dqdo|vlv edvhg rq lqirupdwlrq iurp RHFG frxqwulhv zh qg
wkdw zrunsodfh dfflghqwv duh lqyhuvho| uhodwhg wr erwk wkh ohyho ri xqhpsor|phqw
dqg wkh fkdqjh lq xqhpsor|phqw/ zkloh zrunlqj krxuv dqg fkdqjhv lq hpsor|0
phqw gr qrw dhfw dfflghqwv udwhv1 Ixuwkhupruh/ idwdo dfflghqw udwhv gr qrw vhhp
wr eh uhodwhg wr oderu pdunhw frqglwlrqv1 Iurp doo wklv zh frqfoxgh wkdw wkh
f|folfdo  xfwxdwlrqv lq zrunsodfh dfflghqwv kdyh wr gr zlwk uhsruwlqj ehkdylru ri
zrunhuv1 Li xqhpsor|phqw lv kljk ru lqfuhdvlqj zrunhuv duh ohvv olnho| wr uhsruw
derxw zrunsodfh dfflghqwv wkdq wkh| duh lq vlwxdwlrqv ri orz ru ghfuhdvlqj xq0
hpsor|phqw1 Z h qg qr hylghqfh wkdw zrunlqj frqglwlrqv ghwhulrudwh lq f|folfdo
xswxuqv1 Z runsodfh vdihw| grhv qrw fkdqjh ryhu wkh f|foh1
4;Uhihuhqfhv
Dudl/ Pdkprrg dqg Shwhu Vnrjpdq Wkrxuvlh +5334, Lqfhqwlyhv dqg vhohfwlrq lq
f|folfdo devhqwhhlvp/ Zrunlqj Sdshu/ Vwrfnkrop Xqlyhuvlw|1
Dvnlogvhq/ Mdq Huln/ Hvshq Eudwehuj dqg Ûlylqg Dqwl Qlovhq +5335, Xqhpsor|0
phqw/ oderu irufh frpsrvlwlrq dqg vlfnqhvv devhqfh> d sdqho gdwd vwxg| /
Zrunlqj Sdshu/ Xqlyhuvlw| ri Ehujhq1
Edupe| / Wlp D1/ Mrkq J1 Vhvvlrqv dqg Mrkq J1 Wuheoh +4<<7, Devhqwhhlvp/
h!flhqf| zdjhv dqg vklunlqj/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <9 +7,/
89408991
Eurzq/ Vdudk dqg Mrkq J1 Vhvvlrqv +4<<9, Wkh hfrqrplfv ri devhqfh= wkhru|
dqg hylghqfh/ Mrxuqdo ri Hfrqrplf Vxuyh|v/ 43/ 560861
I dluulv/ Gdylg +4<<;, Lqvwlwxwlrqdo fkdqjh lq vkrs rru jryhuqdqfh dqg wkh wud0
mhfwru| ri srvwzdu lqmxu| udwhv lq X1V1 pdqxidfwxulqj/ 4<7904<:3/ Lqgxvwuldo
dqg Oderu Uhodwlrqv Uhylhz/ 84/ 4;:05361
Jxdgdoxsh/ Pduld +5335, Wkh klgghq frvwv ri {hg whup frqwudfwv= wkh lpsdfw
rq zrun dfflghqwv/ Fhqwuh iru Hfrqrplf Shuirupdqfh/ Orqgrq Vfkrro ri
Hfrqrplfv/ plphr1
Krnndqhq/ M|u| +4<<;, Lqwhusuhwlqj exgjhw ghflwv dqg surgxfwlylw|  xfwxdwlrqv/
Hfrqrplf Vwxglhv 75/ Glvvhuwdwlrq Xssvdod Xqlyhuvlw| 1
Mrkdqvvrq/ Shu dqg Pèuwhq Sdoph +4<<9, Gr hfrqrplf lqfhqwlyhv dhfw zrun
devhqfhB Hpslulfdo hylghqfh xvlqj Vzhglvk plfur gdwd/ Mrxuqdo ri Sxeolf
Hfrqrplfv/ 8</ 4<8054;1
Mrkdqvvrq/ Shu dqg Pèuwhq Sdoph +5335, Dvvhvvlqj wkh hhfw ri sxeolf srolf|
rq zrunhu devhqwhhlvp/ Mrxuqdo ri Kxpdq Uhvrxufhv/ 6:/ 6;4073<1
Nqlhvqhu/ Wkrpdv M1 dqg Mrkq G1 Ohhwk +4<;<, Vhsdudwlqj wkh uhsruwlqj hhfwv
iurp wkh lqmxu| udwh hhfwv ri zrunhuv* frpshqvdwlrq lqvxudqfh= d khgrqlf
vlpxodwlrq/ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 75/ 5;305<61
Nrvvrulv/ Pd{ +4<6;, Lqgxvwuldo lqmxulhv dqg wkh exvlqhvv f|foh/ Prqwko| Oderu
Uhylhz/ Pdufk/ 8:<08<71
Ohljk/ M1 Sdxo +4<;8, Wkh hhfwv ri xqhpsor|phqw dqg wkh exvlqhvv f|foh rq
devhqwhhlvp/ Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv/ 6:/ 48<04:31
4<Ph|hu/ Euxfh G1/ Z1 Nls Ylvfxvl/ Gdylg O1 Gxuelq +4<<8, Z runhuv* frpshqvd0
wlrq dqg lqmxu| gxudwlrq= hylghqfh iurp d qdwxudo h{shulphqw/ Dphulfdq
Hfrqrplf Uhylhz/ ;8/ 65506731
Pruwhqvhq/ G1 dqg F1 Slvvdulghv +4<<<, Qhz ghyhorsphqwv lq prghov ri vhdufk
lq wkh oderu pdunhw/ Lq Dvkhqihowhu/ R1 dqg G1 Fdug +Hgv1,/ Kdqgerrn ri
Oderu Hfrqrplfv1
Qlfnhoo/ Vwhskhq M1/ Oxfd Qxqfldwd/ Z roijdqj Rfkho dqg Johqgd Txlqwlql +5334,
Wkh Ehyhulgjh fxuyh/ xqhpsor|phqw dqg zdjh lq wkh RHFG/ FHS Glvfxv0
vlrq Sdshu 835/ Orqgrq Vfkrro ri Hfrqrplfv1
Uxkp/ Fkulvwrskhu M1 +5333, Duh uhfhvvlrqv jrrg iru |rxu khdowkB/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ Pd| / 94:09831
Uxkp/ Fkulvwrskhu M1 +5334, Hfrqrplf h{sdqvlrqv duh xqkhdowk|/ Zrunlqj Sd0
shu/ Xqlyhuvlw| ri Qruwk Fdurolqd1
Vkhd/ Mrkq +4<<3, Dfflghqwv udwhv/ oderu hruw/ dqg wkh exvlqhvv f|foh/ VVUL
Zrunlqj Sdshu <35;/ Xqlyhuvlw| ri Zlvfrqvlq/ Pdglvrq1
Vfkxvwhu/ Plfkdho dqg Vxvdq Ukrghv +4<;8, Wkh lpsdfw ri ryhuwlph zrun rq
lqgxvwuldo dfflghqw udwhv/ Lqgxvwuldo Uhodwlrqv/ 57/ 5670791
539 Dsshqgl{ 4= Lqirupdwlrq derxw wkh gdwd
Wkh wkluwhhqwk Lqwhuqdwlrqdo Frqihuhqfh ri Oderu Vwdwlvwlfldqv +Jhqhyd/ 4<<5, gh0
qhg zrun dfflghqwv dv dfflghqwv rffxuulqj dw ru lq wkh frxuvh ri zrun zklfk pd|
uhvxow lq ghdwk/ shuvrqdo lqmxu| ru glvhdvh1 Lqwhuqdwlrqdo frpsdulvrqv ri lqiru0
pdwlrq derxw zrunsodfh dfflghqwv duh gl!fxow ehfdxvh vrxufhv ri gdwd/ uhsruwlqj
surfhgxuhv dqg fryhudjh ri wkh gdwd pd| glhu ehwzhhq frxqwulhv1 Fryhudjh
pd| eh olplwhg wr fhuwdlq w|shv ri zrunhuv ru lqmxulhv jlylqj ulvh wr pruh wkdq d
fhuwdlq qxpehu ri gd|v ri devhqfh iurp zrun1 Wdeoh D4 ghvfulehv vrph jhqhudo
fkdudfwhulvwlfv ri wkh lqirupdwlrq rq zrunsodfh dfflghqwv1
W deoh D4 Lqirupdwlrq derxw zrunsodfh dfflghqwv lq frxqwu| vwdwlvwlfv
\
"
Vrxufh Plqlpxp Frppxwlqj Euhdnv
) vxemhfw shulrg +gd|v, dfflghqwv lq vhulhv
4 Dxvwuld I D 0 ;4 3 |hv 4<;80;9
51 Ehojlxp I D 0 ;5 3 |hv 0
61 Fdqdgd I D 0 ;5 4 qr 0
71 Ghqpdun II 0 ;5 4 qr 4<;50;6
81 Ilqodqg I D 0 ;4 6 qr 0
91 Iudqfh I D 0 ;5 4 qr 0
:1 Jhupdq| I D 0 ;5 6 qr 4<<30<4
;1 Luhodqg II 0 ;4 7 qr 4<<50<6
<1 Lwdo| I D 0 ;5 6 |hv 4<;<0<3
431 Ox{hperxuj I D 0 ;5 3 qr 0
441 Qhwkhuodqgv I D 0 ;4 3 qr 0
451 Sruwxjdo I D 0 ;4 3 qr 0
461 Vsdlq I D 0 ;4 4 qr 0
471 Vzhghq I D 0 ;4 4 qr 4<<30<4
481 Vzlw}huodqg I D 0 ;5 4 qr 0
491 XN II 0 ;4 7 qr 4<;<0<3
4:1 XV GD 0 ;4 4 qr 0
\
"
LOR fodvvlfdwlrq1 Vrxufh= GD @ oderu uhodwhg hvwdeolvkphqw vxuyh| / I D @ lqvxudqfh
uhfrugv/ II @ oderu lqvshfwrudwh uhfrugv1 Vxemhfw= ;4 @ uhsruwhg/ ;5 @ frpshqvdwhg1
Ghqpdun 4<:;0<3 vrxufh @ ;51 Jhupdq| xqwlo 4<<4= Z hvw0Jhupdq|
54Wdeoh D5 jlyhv wkh vrxufhv ri lqirupdwlrq iru wkh gdwd1
W deoh D5 Vrxufhv ri gdwd
\
"
Qrq0idwdo I dwdo Xqhpsor|phqw Hpsor|phqw
dfflghqwv dfflghqwv
41 Dxvwuld qdwlrqdo LOR LOR JJGF
51 Ehojlxp qdwlrqdo LOR LOR LOR
61 Fdqdgd LOR LOR LOR JJGF
71 Ghqpdun LOR/ qdwlrqdo LOR LOR JJGF
81 Ilqodqg LOR LOR LOR LOR
91 Iudqfh LOR/ qdwlrqdo LOR/ qdwlrqdo LOR LOR
:1 Jhupdq| LOR/ qdwlrqdo LOR/ qdwlrqdo qdwlrqdo JJGF
;1 Luhodqg LOR LOR qdwlrqdo LOR
<1 Lwdo| LOR LOR LOR LOR
431 Ox{hperxuj qdwlrqdo qdwlrqdo LOR LOR
441 Qhwkhuodqgv LOR/ qdwlrqdo LOR LOR JJGF
451 Sruwxjdo LOR LOR LOR JJGF
461 Vsdlq LOR LOR LOR JJGF
471 Vzhghq LOR/ qdwlrqdo LOR/ qdwlrqdo LOR LOR
481 Vzlw}huodqg LOR LOR LOR LOR
491 XN LOR LOR LOR LOR
4: 1XV LOR LOR LOR LOR
\
"
LOR= Exuhdx ri Vwdwlvwlfv +ODERUVWD,
Qdwlrqdo= ydulrxv qdwlrqdo vwdwlvwlfv
JJGF= Xqlyhuvlw| ri Jurqlqjhq dqg Wkh Frqihuhqfh Erdug/ Jurzwk ) Ghyho0
rsphqw Fhqwuh Wrwdo Hfrqrp| Gdwdedvh/ 5335/ kwws=22zzz1hfr1uxj1qo2jjgf
Wkh lqirupdwlrq derxw krxuv dfwxdoo| zrunhg shu hpsor|hh lv iurp wkh JJGF1
Vlqfh wklv gdwdvhw grhv qrw frqwdlq wkh lqirupdwlrq derxw zrunlqj krxuv iurp
Ox{hperxuj zh kdyh uhsodfhg wklv vhulhv zlwk lqirupdwlrq derxw Ehojlxp1
55: Dsshqgl{ 5= Surri ri uhvxowv
Z h ehjlq wklv dsshqgl{ zlwk vrph suholplqdu| uhvxowv wkdw zloo eh xvhg odwhu
rq1 Lq sduwlfxodu/ zh lqwurgxfh d fodvv ri glhuhqwldo htxdwlrqv zklfk zh gr qrw
vroyh dv lqlwldo ydoxh sureohpv1 Lqvwhdg zh lpsrvh d frqglwlrq rq wkh vwhdg| vwdwh
ehkdylru ri wkh vroxwlrq wr wkh glhuhqwldo htxdwlrq1
Ohppd 7 Ohw j E= eh d uhdo ydoxhg ixqfwlrq ri w 5 ? zlwk mj E=m ? P iru vrph
P A f1 Frqvlghu wkh glhuhqwldo htxdwlrq
#k Ew ' j Ew n  k Ew +;,
zlwk wkh iroorzlqj erxqgdu| frqglwlrq= li iru vrph W A f lw lv wkh fdvh wkdw




iru doo w  W 1


























Wr vroyh glhuhqwldo htxdwlrq +;, zh vroyh wkh krprjhqrxv sduw ri wkh htxdwlrq
uvw/ wkdw lv
#k Ew '  k Ew
Wkh vroxwlrq wr wklv htxdwlrq lv fohduo|
k Ew ' fh
<
=
Lq rughu wr vroyh wkh ruljlqdo htxdwlrq/ zh zulwh wkh frqvwdqw f dv d ixqfwlrq ri
w1 Vr zh wu| dv d vroxwlrq k Ew ' f Ew h
<
=
































j Ev gv n f
￿
iru vrph frqvwdqw f
￿










































































































iru # A f1
Surri

















































































































































dqg khqfh wkh uhvxow lq htxdwlrq +<, iroorzv1 T1H1G1
57Ohppd 9 Wkh vroxwlrq wr glhuhqwldo htxdwlrqv +4, dqg +5,/ zkhuh Y
￿ Ew lv vrph












































































































￿ n ! E  I E7 
+44,
zkhuh 7  lv ghwhuplqhg e|  E7  ' Y
￿ Ew  Y














￿ Ew  Y
￿ Ew +45,
Surri
Frqvlghu uvw wkh htxdwlrq iru Y
￿ Ew1 Z ulwlqj htxdwlrq +5, dv
E n 
￿  Y






d n  Eo i E g n 
￿ Y
￿ Ew n  Y
￿ Ew +46,
zh vhh lw lv d glhuhqwldo htxdwlrq ri wkh irup +;,1 Khqfh ohppd 7 lpsolhv wkdw
wkh vroxwlrq fdq eh zulwwhq dv htxdwlrq +43,1
Qrz wxuq wr wkh glhuhqfh Y
￿ Ew  Y
￿ Ew1 Z ulwlqj htxdwlrq +4, dv
E n 
￿  Y













d E  EY
￿ Ew  Y
￿ Ewo i E g n

￿ Y
￿ Ew n  Y
￿ Ew +47,
zkhuh 7  lv wkh vpdoohvw ydoxh ri  iru zklfk
4@  i E  EY
￿ Ew  Y
￿ Ew > fj '  E  EY
￿ Ew  Y
￿ Ew
+uhfdoo wkdw  E= lv qrqghfuhdvlqj lq ,1 Lq rwkhu zrugv/ e| frqwlqxlw| ri  E=/ zh
kdyh wkdw
 E7  ' Y
￿ Ew  Y
￿ Ew
Vxewudfwlqj iurp +47, htxdwlrq +46,/ zh jhw
E n 
￿  dY
￿ Ew  Y









 E i E g  ! dY
￿ Ew  Y













￿ Ew  Y
￿ EwY
￿ Ew dqg vxevwlwxwlqj lqwr wklv htxdwlrq wkh vroxwlrq
iru Y
￿ Ew lq htxdwlrq +43, zh qg
E n 
￿ n ! E  I E7  {
￿
￿








































Iluvw/ qrwh wkdw 7  lv d ixqfwlrq ri {
￿
￿
￿ Ew/ exw gxh wr dq Hqyhorsh Wkhruhp w|sh
ri dujxphqw zh fdq ljqruh wklv lqgluhfw hhfw rq Y
￿ yld 7 1 Wkhuhiruh zh fdq dovr
ljqruh wkh hhfw ri d fkdqjh lq 7  rq {
￿
j




￿ Ew kdv wkh vdph irup dv htxdwlrq +;,1 Dsso|lqj wkh vroxwlrq
lq ohppd 7 jlyhv xv htxdwlrq +44, deryh1 T1H1G1
Surri ri sursrvlwlrq 4




ehfdxvh  E7  ' {
￿
j
￿ dqg wkh iudfwlrq ri dfflghqwv uhsruwhg htxdov E  I E7 1
Khqfh vkrzlqj wkdw xqghu wlph sdwk Y
￿ Ew n % zlwk % A f pruh dfflghqwv duh
uhsruwhg wkdq xqghu wlph sdwk Y
￿ Ew erlov grzq wr vkrzlqj wkdw {
￿
j
￿ Ew lv orzhu
zlwk Y
￿ Ew n % wkdq zlwk Y
￿ Ew1 Orrnlqj dw wkh vroxwlrq lq htxdwlrq +44,/ d
vx!flhqw frqglwlrq iru wklv lv wkdw j Ew dv ghqhg lq htxdwlrq +45, lv dozd|v
orzhu xqghu sdwk Y
￿ Ew n % wkdq xqghu sdwk Y
￿ Ew1 Ohw j
k Ew ghqrwh wkh sdwk iru
j Ew xqghu Y
￿ Ew n % zkloh j
￿
Ew ghqrwhv wkh sdwk xqghu Y





































￿ Ew n %

 EY








Surri ri sursrvlwlrq 5
Wr vlpsoli| qrwdwlrq odwhu rq/ ghqh wkh ixqfwlrq % Ew dv wkh glhuhqfh ehwzhhq
wkh wzr wlph sdwkv/ wkdw lv
% Ew  Y
￿
B




59Wkhq wkh frqglwlrqv lq wkh sursrvlwlrq fdq eh zulwwhq dv











dqg wkhuh h{lvwv W A f vxfk wkdw
% Ew ' f iru doo w  W
Rq wkh edvlv ri wklv/ zh kdyh wr vkrz wkdw {
￿
7







@ +ehfdxvh wkdw lpsolhv wkdw pruh dfflghqwv duh uhsruwhg dw wlph
w ' f xqghu Y
￿
5
@ wkdq xqghu Y
￿
B
A ,1 Vlplodu wr wkh surri ri sursrvlwlrq 4/ zh qhhg




A / ghqrwhg e| j
k Ew/ dqg xqghu wlph sdwk Y
￿
5
@ / ghqrwhg j
￿
Ew1 Lw lv
urxwlqh wr yhuli| wkdw wklv glhuhqfh fdq eh zulwwhq dv
j






























































Ew  % Ew
Lw iroorzv wkdw {
￿
7
￿ Ef lv eljjhu xqghu wlph sdwk Y
￿
B
A wkdq xqghu Y
￿
5
@ li dqg rqo|
li
E n 









































































































































































































































































































































































































































zklfk fdq eh zulwwhq dv
























































9 lv vwulfwo| srvlwlyh1 Vr wkh uhpdlqghu ri wklv
surri vkrzv wkdw wkh whup ehwzhhq vtxduh eudfnhwv lv srvlwlyh1





































Ef lq htxdwlrq +49,1




























Ef lv wkh zhljkwhg dyhudjh ri wkh ixwxuh ydo0






dv ri wlph f +zkhuh wkh zhljkwv iroorz dq h{srqhqwldo glvwulex0
wlrq zlwk sdudphwhu  n 








Ew lv qrqqhjdwlyh iru doo w  f dqg vwulfwo| srvlwlyh iru vrph w  f1 Khqfh




































Ef A f/ zklfk zh xvh ehorz1















Ew A f iru w 5 kf> W l





























Ef ' E n 












































Surri ri Ohppd :
Frqvlghu jxuh 4 zklfk vkrzv d sdwk iru % Ew vdwlvi|lqj wkh frq0
glwlrqv lq wkh ohppd deryh1 Vlqfh % Ew  f iru doo w  w
A dqg % Ew A f
iru doo w 5 kw







Ew A f iru w 5 dw
A > W l1 Z h







Ew  f iru w 5 kf> w
A l1 Wklv zh suryh e|








@  ? f iru
vrph w
@ 5 kf> w
























































































































































E7 w ' f1 Krzhyhu/ vlqfh
% Ew ? f iru doo w 5 kf> w















Ef ' f1 Khqfh/ wkhuh fdqqrw eh d ydoxh w
@ 5 kf> w
















Ew  f iru w 5 kf> w






























Ef lv wkh zhljkwhg dyhudjh ri d yduldeoh
wkdw lv qrq0qhjdwlyh hyhu|zkhuh dqg vwulfwo| srvlwlyh iru vrph w A f




























Ef A f1 T1H1G1 +Ohppd :,
















































































































￿   ! E  I E7 
A f
Wklv lv h{dfwo| wkh vtxduh eudfnhwhg whup lq htxdwlrq +4:,/ zklfk zh kdyh qrz
suryhg wr eh srvlwlyh1 T1H1G1 +Sursrvlwlrq 5,
5<; W deohv dqg judskv
W deoh 4 Vw|ol}hg idfwv derxw zrunsodfh dfflghqwv dqg oderu pdunhwv
\
"
d id x fruuhodwlrq frh!flhqw
+(, +314(, +(, d0x id0x
41 Dxvwuld 91; +53, 313; +58, 717 031<3
n 031;4
n
51 Ehojlxp ;14 +5;, 3137 +48, <1; 031<7
n 3177
61 Fdqdgd 61; +48, 3139 +48, <16 03146 03175
71 Ghqpdun 419 +5:, 3136 +55, ;14 3147 0315;
81 Ilqodqg 713 +56, 3137 +56, :1; 031;9
n 0317;
n
91 Iudqfh 713 +63, 313: +63, ;13 031<<
n 031<;
n
:1 Jhupdq| 915 +63, 313; +63, 819 031<7
n 031:;
n
;1 Luhodqg 317 +57, 3136 +57, 4518 03193
n 3136
<1 Lwdo| 713 +54, 313: +54, 4318 03193
n 0319:
n
431 Ox{hperxuj <19 +5<, 3144 +5<, 41: 031<6
n 031:;
n
441 Qhwkhuodqgv 419 +56, 3134 +47, 91: 031:6
n 03198
n
451 Sruwxjdo 915 +4;, 313; +53, 91; 03149 3189
n
461 Vsdlq 813 +53, 3143 +53, 4;1< 03177
n 0316:
n
471 Vzhghq 514 +63, 3136 +5;, 619 03169
n 03157
481 Vzlw}huodqg 616 +49, 3136 +49, 517 031;;
n 031;6
n
491 XN 31: +47, 3134 +4<, ;13 3164 317<
n
4:1 XV 517 +57, 3137 +57, 918 3139 03145
\
"
Lq wkh fdofxodwlrq ri wkh fruuhodwlrqv euhdnv lq wkh vhulhv kdyh ehhq wdnhq lqwr
dffrxqw>
n lqglfdwhv wkdw wkh fruuhodwlrq lv vljqlfdqwo| glhuhqw iurp }hur dw d 8(
ohyho1 Wkh qxpehuv lq sduhqwkhvhv uhihu wr wkh qxpehu ri revhuydwlrqv rq zklfk
wkh fdofxodwlrq lv edvhg1 Wkh dyhudjhv iru wkh xqhpsor|phqw udwh duh fdofxodwhg
iru wkh vdph |hdu dv wkh dyhudjhv iru wkh qrq0idwdo zrunsodfh dfflghqwv udwh1
63W deoh 5 Hvwlpdwlrq uhvxowv +w0 ydoxhv lq sduhqwkhvhv,
\
"
Doo +689 revhuydwlrqv/ 4: frxqwulhv,
qrq0idwdo dfflghqwv idwdo dfflghqwv
+4, +5, +6, +7,
*?Ex 03143< +81<, 031497 +;1:, 031493 +713, 0313<5 +419,
frxqwu| w1w1 qr |hv qr |hv
HX frxqwulhv +634 revhuydwlrqv/ 47 frxqwulhv,
qrq0idwdo dfflghqwv idwdo dfflghqwv
+4, +5, +6, +7,
*?Ex 0313<5 +713, 0314;: +<19, 0313;5 +41:, 031396 +413,
frxqwu| w1w1 qr |hv qr |hv
Edodqfhg sdqho/ 4<;30<9 +537 revhuydwlrqv/ 45 frxqwulhv,
qrq0idwdo dfflghqwv idwdo dfflghqwv
+4, +5, +6, +7,
*?Ex 0314;9 +915, 03153< +81<, 031437 +414, 031477 +416,
*?Ex 0314;9 +915, 03153< +81<, 03143; +415, 031488 +417,
*?Ek 031338 +315, 31338 +315, 314<3 +418, 31458 +416,
*?Ex 03148< +815, 0314;4 +817, 031388 +319, 031448 +414,
{ *?Ex 031544 +61:, 03146: +613, 0315;3 +515, 031475 +413,
*?Ex 03148< +815, 0314;3 +816, 031388 +319, 031449 +414,
{ *?Ex 031548 +617, 031499 +617, 03169< +41<, 031464 +31;,
{ *?Eh 031334 +314, 031336 +41:, 31334 +314, 31334 +314,
frxqwu| w1w1 qr |hv qr |hv
\
"
x lv xqhpsor|phqw udwh/ k lv dyhudjh qxpehu ri zrunlqj krxuv shu hpsor|hh/
h lv hpsor|phqw udwh> w0ydoxhv edvhg rq urexvw vwdqgdug huuruv lq sduhqwkhvhv>
frxqwu| {hg hhfwv/ |hdu {hg hhfwv/ frxqwu| wlph wuhqgv dqg gxpp| yduldeohv
iru vrph frxqwulhv duh lqfoxghg






Dxvwuld 031486 +616, 031894 +714,
Ghqpdun 031434 +318, 031597 +413,
Ilqodqg 0314:: +;18, 031399 +31;,
I udqfh 031::6 +915, 031:5< +517,
Jhupdq| 0315:4 +81<, 031353 +314,
Luhodqg 031479 +41:, 041;43 +817,
Lwdo| 031446 +316, 031674 +31;,
Ox{hperxuj 031499 +714, 03137; +315,
Sruwxjdo 03169: +91<, 319:6 +61:,
Vsdlq 03197; +<1:, 03159< +416,
Vzhghq 0314<< +615, 0314:3 +416,
XV 0316<; +71:, 3189< +417,
\
"
w0vwdwlvwlfv edvhg rq urexvw vwdqgdug huuruv lq sduhqwkhvhv
W deoh 7 Dgglwlrqdo hvwlpdwhv iru zrunsodfh dfflghqwv/ frh!flhqwv ri











Jurxs 5 0319<8 +4314, 
A
￿ 031439 +718,
Jurxs 6 03166: +;15, s 31;:< +6515,
OU0whvw vwdwlvwlf 51; ;15
\
"
w0vwdwlvwlfv edvhg rq urexvw vwdqgdug huuruv lq sduhqwkhvhv> Wkh OU0whvw vwdwlvwlf






Z  ydoxh zlwk <
ghjuhhv ri iuhhgrp @ 491<
￿
"
Jurxs 4= Dxvwuld/ Ghqpdun/ Ilqodqg/ Luhodqg/ Lwdo| / Ox{hperxuj/ Vzhghq>
jurxs 5= I udqfh/ Vsdlq> jurxs 6= Jhupdq| / Sruwxjdo/ XV
651
Figure 1: Vu2(t) - Vu1(t)
t T
Vu2(t) - Vu1(t)
0Figure 2 Unemployment and (non-fatal) 
workplace accidents in OECD countries; 
1970-99
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